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NOTICES OF 

BRANDE AND TAYLOR'S CHEMISTRY. 

■Notwithstanding the short period which has elapsed since the appearance of this work, it has 
already received the favorable verdict of the English Medical Press. A few extracts from com- 
mendatory notices are subjoined :— 



It needs no great sagacity to foretell that this book 
will be, literally, the Handbook in Chemistry of the 
student and practitioner. For clearness of language, 
accuracy of description, extent of information, and 
freedom from pedantry and mysticism of modern 
chemistry, no other text-book comes into competition 
with it. The result is a work which for fulness of 
matter, for lucidity of arrangement, for clearness of 
style, is as yet without a rival. And long will it be 
without a rival. For, although with the necessary 
advance of chemical knowledge addenda will be re- 
quired, there will be little to take away. The funda- 
mental excellences of the book will remain, preserv- 
ing it for years to come, what it now is, the best guide 
to the study of Chemistry yet given to the world.— 
London Lmicet, Dec. 20, 1862. 

Most assuredly, time has not abated one whit of the 
fluency, the vigor, and the clearness with which they 
not only have composed the work before us, but have, 
so to say, cleared the ground for it, by hitting right 
and left at the affectation, mysticism, and obscurity 
which pervade some late chemical treatises. Thus 
conceived, and worked out in the most sturdy, com- 
mon sense method, this book gives, in the clearest and 
most summary method possible, all the facts and doc- 
trines of chemistry, with more especial reference to 
the wants of the medical student. — London Medical 
Times and Gazette, Nov. 29, 1862, 



If we are not very much mistaken, this book will 
occupy a place which none has hitherto held among 
chemists ; for, by avoiding the errors of previous au- 
thors, we have a work which, for its size, is certainly 
the most perfect of any in the English language. 
There are several points to be noted in this volume 
which separate it widely from any of its compeers- 
its wide application, not to the medical student only, 
nor to the student in chemistry merely, but to every 
branch of science, art, or commerce which is in any 
way connected with the domain of chemistry.— iow- 
don Med. Review, Feb. 1863. 

This book has been written for the express purposes 
of the student of chemistry by two masters of the 
science. If ever two writers could claim to know 
what the student requires in the way of a handbook 
to help him to a knowledge of the science, Drs. Brande 
and Taylor are the men. To criticize such a manual 
as this seems, therefore, a superfluity. — British Med. 
Journal, Jan. 24, 1863. 

An elementary treatise from two of our most vete- 
ran teachers and greatest authorities on chemistry, 
compels a welcome reception. There is a novelty in 
this book of Drs. Brande and Taylor which will 
doubtless secure for it a principal place among text- 
books for chemical students. Of the execution of 
this work as conceived by the authors it is idle to 
speak. Their names alone are a sufiicient guarantee 
for its completeness. — The Medical Critic, Jan. 1863. 
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PHEFACE. 



The Student of Chemistry has already a large selection of books 
for his guidance. In the ^' Fiest Step" of Mr. Galloway, of about 
ninety pages, and in the translated " Handbook" of Grmelin, as 3^et 
incomplete, but filling, at the present date, fourteen octavo volumes^ 
and covering nearly eight thousand pages — -we have the two extremes 
of English Chemical literature. There are numerous books on the 
Science, which occupy an intermediate position, some, under the title 
of "Elements," treating the subject so profoundly as to alarm a 
beginner; while others are so filled with symbols, formuke, and 
mystical language; as to conceal the great facts of Chemistry in a 
haze of technicality. 

We see no reason for adopting an esoteric method of dealing with 
this Science. On the contrary, it appears to us, that without departing 
from the true objects of Chemistry, its facts admit of explanation, in 
a form to be intelligible to any educated man. It is not necessary to 
the progress of this Science, that its language should change with the 
opinions of every new theorist. The numerical value of atoms and 
volumes is not of so much importance to a student, as a correct 
description of the properties and uses of the substances which they 
represent. On this part of the subject, much labor appears to us to 
have been wasted by certain writers. They have apparently been 
engaged in working out an idea, and seeking for some Utopian 
standard of perfection, in a new system of notation : but in endeavor- 
ing to settle contested points on a firmer basis, they have incurred 
the risk of unsettling everything. Thus, instead of pursuing the 
inductive method, and fitting hypotheses to facts, they have intro- 
duced a deductive system, by which facts are made to bend to hypo- 
theses ; and the elementary composition of bodies is altered, in order 
that they may correspond to certain artificial types. There is an old 
French proverb which it may be well to bear in mind, in reference to 
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this practice : ^^ Quand la Nature dit que telle chose est, et Thomme dit 
que telle chose n^ est pas, ilfaut en croire la NcttureP 

While we do not undervalue the usefulness of a correct language 
to express the facts and theories of a Science, we have the strongest 
objection to frequent and capricious changes, in which the good is 
uncertain and prospective, while the evil is certain and immediate. 
Chemistry is not the Science of one nation, of one profession, or of 
one section of chemists. Among civilized nations it has now a com- 
munity of language, and by this language, it is more closely linked 
to Arts, Manufactures, and Medicine, than any other branch of 
knowledge ; hence, changes, to be useful, should be such as are re- 
quired by urgent necessity, and are likely to command general 
acceptance by their reasonableness and expediency. After all, it 
must be remembered that these changes are not in the/acfe, but in a 
supposed improvement in the mode of expressing them ; and if only 
partially adopted, they necessarily lead to confusion. Eeasoning from 
the past to the present, it is not too much to infer that a student of 
Chemistry must be prepared for a new crop of systematic names, 
and a new classification of elements and compounds, every ten years. 

Our intention in the preparation of this volume has been, not to 
furnish a Treatise on the Science, but to provide the student, and 
general reader, with a plain introduction to the subject. With ample 
materials at our disposal to produce two volumes in place of one, we 
have studiously endeavored to compress within these pages, a selection 
of the more important facts and doctrines of Modern Chemistry. We 
have adopted for the explanation of these facts, that simple chemical 
language Avhich has found acceptance in the Schools and Colleges of 
Great Britain, France, and Germany, as well as in the best treatises on 
the Science. 

In addition to the general properties of bodies, we have attached to 
the description of each substance, a summary of its most important 
characters, with an account of the special tests required for its detec- 
tion. The student will thus have in this book a Manual of Practical 
Chemistry. As an adjunct to this branch of the Science, the subject 
of Practical Toxicology has been introduced in reference to the 
most important poisons, and the processes for their detection. We 
have also treated, as fully as our space would permit, the chemical 
principles on which Photography is based, and have given some 
practical rules for the guidance of those who wish to apply their 
chemical knowledge to this interesting art. 

Having been engaged in teaching Chemistry in this Metropolis, the 
one for a period of forty, and the other for a period of thirty years, it 
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"has appeared to us that, in spite of the number of books already 
existing, there was room for an additional volume, which should be 
specially adapted for the use of students. In preparing such a volume 
for the press, we have endeavored to bear in mind, that a student in 
the present day has much to learn, and but a short time at his disposal 
for the acquisition of this learning. An eminent writer has truly 
observed, that the whole circle of the Sciences is required to compre- 
hend a single particle of matter; but ars longa, vita brevis. If a 
Medical Student has before him only a few years for acquiring a 
knowledge of at least eight sciences, the efforts of those who contribute 
to the literature of these sciences should be directed to the elucidation 
of the most important facts and principles, omitting altogether those 
details which are either of a controversial nature, or are not yet 
established on a satisfactory basis. In reference to this book, it may 
be considered by some, that we have assigned too little, and by others, 
too much, space to our subject. This, however, is a question of opinion, 
on which persons may reasonably differ. We have taken that which 
seemed to us to be. the proper course ; and we trust we have so dealt 
with the principles and practice of Chemistry, that the contents of 
this book will prove useful to the general, as well as to the profes- 
sional reader. 

Note. — The limits of tliis work have not aUowed us to occupy our space with a 
separate essay on Physics. We have, however, described the more important Physical 
with the Chemical properties of bodies. For further details, we refer the reader 
either to Peschel's Elements of Physics, translated by West, or to the Elements of 
Natural Philosophy of the late Dr. Golding Bird. 

We have followed the example of the late Dr. Turner and other writers of repute, 
in excluding pictorial illustrations. Students of the present day are well acquainted 
with the shapes of air-pumps, gas-holders, flasks, and retorts. Those who require 
this aid to their studies, will find in the illustrated catalogues of dealers in Chemicals, 
more correct representations of apparatus, than those which are commonly met with in 
treatises on Chemistry. 
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CHEMISTRY. 



CHAPTER I. 

MATTER AND ITS PROPERTIES. 

Chemistry as a science embraces the whole range of animate and inanimate 
nature. By its means, man acquires a knowledge of the special properties 
of bodies, and the laws which govern their combinations. By the applica- 
tion of its principles he can resolve substances into their elementary constitu- 
ents, and out of old materials construct new compounds. It confers on him 
a species of creative power, by enabling him to unite elements or compounds, 
and thus to produce a large number of bodies which have no independent 
existence in nature. Either directly or indirectly, Chemistry as an art lends 
its aid to the great purposes of civilization. In every civilized country, 
mining and metallurgy, as well as most branches of manufacturing industry, 
owe their development and progress to the proper cultivation of Chemistry. 

A chemist has to deal with matter, as well as with the forces which are 
inherent in and connected with it. Matter may be either simple or compound^ 
and the forces that control it may be either physical or chemical. Had the 
globe been constituted of only one kind of substance or matter, the laws of 
physics alone would have sufficed to explain the phenomena of nature. There 
are, however, sixty-five different kinds of matter now known to chemists, and 
as these are resolvable into no other bodies, they are called simple substances 
or elements. , But few of these are found in nature in their simple or elemen- 
tary condition ; they are in general intimately combined with each other, 
constituting the large variety of compounds of which the crust of the earth 
is composed. These simple substances not only differ in properties, but their 
compounds also differ as much from each other as from the elements which 
form them. It is the province of a chemist to define tliese differences, to 
determine the laws by v/hich they are brought about, and to establish the 
relations of this with other branches of science. 

Chemistry teaches us that matter is in its nature unalterable and inde- 
structible. It may change its state, and undergo a change in properties, as a 
result of the chemical force, but it may by the same force be restored to its 
original state with all its properties unimpaired. Iron and sulphur possess 
.well-marked characters by which they maybe easily known from each other ; 
but when combined, as in iron pyrites or bisulphide of iron, these characters 
are entirely lost, and new properties are acquired. On again separating the 
two elements, each reassumes its original properties. Chemjstry, therefore, 
is not only a science of properties, but a science of metamorphoses or trans- 
formations. 

Recent researches have shown that although elements are not resolvable 
■2 
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into other substances, tliey are in some instances so altered by chemical and 
physif ai forces, that they apparently lose their identity. We have an example 
of this metamorphosis of elementary matter, in that condition which is called 
allotropy {a%%o^ 'fpo^to^, change of state), and no substance presents it in so 
remarkable a degree as phosphorus. Common phosphorus is a waxy-look- 
ing solid, melting at or below lll^^ and taking fire a little above its melting 
point. It is dissolved by sulphide of carbon ; it is luminous in the dark, 
evolves an acid vapor in air, and is very poisonous. By exposure to a tem- 
perature of 460^, under certain conditions, this substance is so completely 
changed in its properties that it would no longer be recognized as phospho- 
rus. It presents itself as a hard, brittle, red-colored solid, which may be 
heated to about 500° before it melts or takes fire, is insoluble in sulphide of 
carbon, does not evolve any luminous or acid vapors, and has no poisonous 
action on. -animals. By the application of chemical reagents and heat, the 
same products are obtained from it as from common phosphorus ; and as no 
other matter or substance can be extracted from it, and each is convertible 
into the other, we are compelled to ascribe the difference in properties to 
molecular changes — a theory which will hardly account for the destruction of 
the poisonous effects of this element on the animal organism. Oxygen, 
sulphur, carbon, boron, and silicon, are bodies which may also exist in two 
or more states in which their properties are widely different. This difference 
is sometimes brought out by physical, and at other times by chemical agency. 
These facts show us that the elementary state of matter, is not so simple as 
has been hitherto supposed, and they point to the probability that many of 
the substances now regarded as elements, may hereafter be proved to be 
compounds. The allotropic state, however, is not confined to simple sub- 
stances. Compound bodies, such as silicic acid, and the peroxides of iron 
and tin, present instances of this condition. The physical and chemical 
properties of these bodies are changed by heat, or vary with the mode of 
their production, v/hile their chemical composition remains unaltered. 

When two compounds can be proved to be formed of the same elements in 
the same proportions by weight, it would appear to be a reasonable inference 
that their properties should be identical ; but chemistry teaches us that this 
condition may exist, and yet the substances be wholly different in chemical 
and physical properties. Bodies which thus resemble each other in atomic 
constitution are called isomei^ic (lao^ equal, and ^epo^ part), and isomerism is 
the name applied to this condition of matter. The fact is, the properties of 
the substance depend not only on the nature of the elements, and the number 
©f atoms of each, but on the mode in which these elements are grouped or 
arranged. Gum, starch, and sugar are isomeric, or are constituted of a like 
number of atoms of the same elements, and the difference in their properties 
can therefore only be ascribed to a difference of arrangement among these 
atoms. Cases of isoirierism are much more numerous in organic than in 
mineral chemistry, for the reason that organic compounds are composed of a 
greater number of atoms of each element, and these admit of a greater 
variety of arrangement. In some instances, the atoms are in precisely the 
same number, but the bodies which they form are widely different. Thus, 
the hydrated cyanate of ammonia is represented by the formula NHgjC^ISrO, 

110, while the organic compound urea is C^NgOyH^. The properties of these 
compounds are widely different. That the differences must depend on the 
arrangement of the atoms is proved by the discovery of Wohler, that on 
evaporating a solution of the hydrated cyanate of ammonia this salt disap- 
peared, and the organic principle urea was produced. Oil of turpentine and 
oil of lemons present another instance of similarity of atomic composition 
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with different properties. Each of these oils contains C^qR^^, but no method 
is known by which one can be converted into the other. There is a ^vhole 
group of hydrocarbons similarly constituted. Isomeric bodies in which 
the atoms are the same in number and relative proportion are called vieta- 
meric, in order to distinguish them from another class called polymeric, in 
which the relative proportions in 100 parts by w^eight are the same, Vv^hile 
the absolute number of atoms differs. Aldehyd and acetic ether are liquids 
remarkably different in properties, but they are polymeric. Aldehyd is 
represented by C^H^O^, and acetic ether by CgllgO^. Two atoms of aldehyd 
would therefore be equivalent to one of acetic ether; but 100 parts of each 
liquid would yield precisely the same relative weights of carbon and hydro- 
gen. At the same time these liquids are not mutually convertible into each 
other. In mineral chemistry, a similar condition presents itself in reference 
to the compounds known as ferro and ferri-cyanogen. The former is FejCf-N.:,; 
the latter has exactly double the number of atoms, FgjC^gNg. In a state of 
combination, their crystalline forms, color, and chemical properties are v/holly 
different. These facts teach us that the grouping of the atoms, apart from 
the chemical composition of substances, has a material influence on their 
chemical and physical properties. 

While physics relate to those changes, in masses as well as particles of 
matter, which result from the physical forces of gravitation, electricity, 
magnetism, light, and heat, chemistry Yoiates to changes produced among the 
minute particles of bodies which are the result of one peculiar force— namely, 
chemical force, affinity, or attraction. 

Physical Forces.' — Physical forces are manifested on the same or on different 
kinds of matter. The chemical force can be manifested only between different 
kinds of matter. As a general rule physical forces produce no permanent 
change in the properties of bodies, w^hile it is the special character of the 
chemical force, and the leading feature of its existence, that the properties of 
the bodies on which it has been exerted are permanently altered. Sulphur 
and iro7i will serve to illustrate the differences here indicated. Gravitation 
affects both, but in different degrees. A cubic inch of iron gravitates with 
a force equal to that of three and a half cubic inches of sulphur. This is 
indicated by a comparison of their relative weights in the same volume or 
bulk (specific gravity). If the mass of iron is rubbed with a flannel, and 
held near a light substance, such as dry bran, there is no attraction ; when 
brought near to a suspended magnet, each end of the magnet is powerfully 
attracted ; when heated it does hot melt ; under reflected light it has a gray 
color and a metallic lustre. A small bar of it held in a flame, allows the 
heat rapidly to traverse its substance, and it becomes painfully hot, v/ithout 
undergoing, any further change. On the other hand, a mass of sulphur 
warmed and rubbed with dry flannel, powerfully attracts bran and all light 
substances. Until it has been rubbed it manifests, no attraction for the 
magnet, and after rubbing, it attracts it only as a result of the frictional 
electricity produced in it ; when heated, it readily melts, takes fire, and burns 
with a blue flame ; under reflected light it has a peculiar yellow color v^ithout 
any metallic lustre. Here, then, we have a manifestation of dl^QY Qui physical 
properties in these two bodies, and we learn that iron is of greater specific 
gravity than sulphur ; that while iron is not rendered electric by frictioDj 
sulphur becomes highly electric ; that while, iron is powerfully magnetic, 
there is no magnetism in sulphur ; that as to the effect of heat, while one is 
Infusible and incombustible at ordinary temperatures, the other readily melts 
and burns ; that the light reflected by the two is different, and that while iron 
allows heat to traverse its particles from end to end, sulphur does not. After 
having manifested all these phenomena as a result of physical forces brought 
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to bear upon them, the iron and the sulphur resume their original state and 
remain unchanged. 

The chemical differences which exist between iron and sulphur are not less 
remarkable. If sulphur in fine powder is sprinkled in a jar inverted in a 
saucer of water, it may be kept for any length of time without undergoing 
any change. If iron-filings are sprinkled in another jar, also inverted in 
water, the iron will be oxidized or rusted, and the water will rise in the jar, 
showing that a part of its gaseous contents has been removed. The gas thus 
removed may be proved by experiment to be oxygen, which, at a low temper- 
ature, will combine with iron but not with sulphur. 

If we mix together iron and sulphur in the finest powder, in the propor- 
tions in which we know they will chemically combine to form iron pyrites 
or bisulphide of iron, namely, forty-seven parts of iron and fifty-three of 
sulphur, they will remain as a mere mixture, each with'its physical properties 
unaltered. Owing to the presence of iron the powder will have magnetic 
properties, and when placed in water the, iron will rust, and remove oxygen 
from a vessel of air. If a magnet be drawn over the powder the iron will be 
removed, and the sulphur remain. 

Chemical Force. — When the sulphur and iron are, however, chemically 
united in the proportions above-mentioned, as in iron pyrites, they will be 
found to have lost their characteristic physical and chemical properties. 
This substance is seen in hard cubic crystals of a yellow color and of a 
metallic lustre. It has no magnetic properties ; it is not, like sulphur, 
rendered electric by slight friction, and in the state of fine powder it does 
not remove oxygen when placed in a jar of air over water. A magnet drawn 
over this powder produces no effect upon it, the iron is not separated from 
the sulphur. We have, in fact, an entire change of properties, and the new 
properties acquired are retained so long as the two elements are chemi- 
cally combined. By aid of the chemical force, the two elements may be 
separated and procured in a pure state. The iron and sulphur will then be 
found to have re-acquired all the properties, physical and chemical, which 
they bad lost as the result of their combination. 

Physical forces, therefore, produce only temporary changes in bodies, 
while the chemical force entirely alters them ; and this alteration continues 
until the union of the elements is dissolved. Further, we learn that the 
properties of a chemical compound cannot be inferred from the properties of 
its constituents. Its physical condition as gas, liquid, or solid, and its 
chemical and physiological characters, can be determined only be experi- 
ment. Nitrogen and hydrogen are two comparatively inert gases, while 
carbon is an innoxious solid. The combination of these three elements 
produces a highly poisonous liquid, Prussic acid. Hydrogen has no smell, 
and sulphur only a slight smell on friction ; when combined these bodies 
produce a most offensively-smelling gas, sulphide of hydrogen. Carbon, 
oxygen, hydrogen, and nitrogen, are innoxious agents, and have no taste, 
but when combined in certain proportions they form strychnia, remarkable 
for its intensely bitter taste and highly poisonous properties. Iron mani- 
fests magnetism most powerfully, and oxygen is the most magnetic of gases, 
yet these two bodies, when combined in the proportions of two of iron to 
three of oxygen, produce a compound in which no trace of magnetism can 
be discovered. 

The properties of substances which are referable to the senses in the form 
of taste, odor, color, or touch, are called by the French orga.noIepiic, to 
distinguish them from physical and chemical properties. They are of some 
importance in chemical analysis, as they often aid the inquirer in his search 
after minute traces of certain elements or compounds. 
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Divisibility of Matter. — Matter, in the simple or compound, in the solid 
or liquid state, is divisihle. Thus, a solid or liquid may, by various pro- 
cesses, be reduced into particles so fine that they are no longer perceptible 
to the eye. When reduced to the 1-500, 000th of an inch in diameter, the 
particle would be no longer visible under the most powerful microscope 
(Mitscherlich) ; but lines closer together than the 100,000th of an inch 
admit of no separation by the most powerful modern object-glass. The 
minute particles of fine precipitates, such as sulphate of baryta or chloride 
of silver, are individually imperceptible : they are only rendered visible to 
the eye by aggregation. So of all solids* in solution, the particles are so 
small that light traverses them. A small quantity of mercury shaken in a 
bottle with strong sulphuric acid, is temporarily split into myriads of minute 
globules. Mere pressure with the finger will divide this liquid into particles 
so small that they become gray and their bright lustre is lost to the eye. 
By subliming the metal in a tube, its particles may be so subdivided as to 
present only a gray tarnish on the glass. If a solution of chloride of tin is 
added to a solution of corrosive sublimate, a grayish-black precipitate is 
formed, which, when separated by filtration, appears on the filter in the form 
of microscopical globules, so minute that it would be difficult to assign a 
weight and size to each. Platinum, in the form of ammonio-chloride, is 
converted by sulphuric acid and zinc into a black powder (platinum-black) 
resembling charcoal. All the physical characters of a metallic substance are 
lost by reason of the extreme tenuity of its particles. Gold admits of still 
finer subdivision. It has been reduced to such a state of tenuity that it does 
not sink in water, but allows light to. traverse it as well as the liquid : its 
particles giving to the liquid a blue, green, or ruby color, according to the 
degree to which they have been divided by chemical agency. According to 
Paraday^s experiments, the ruby liquids present metallic gold in the finest 
state of division ; the blue liquids hold the gold in a more aggregated form. 
That they are finely diffused particles of the metal is proved by throwing a 
cone of sun-rays, either by a lens or mirror, into the midst of the liquid, 
when the illuminated cone clearly proves them to be undissolved bodies. He 
estimated that a particle in this state formed 1-500, 000th part of the volume 
of the fluid (Froc, Roy. aSoc\,voI. 8, ISTo. 24, p. 361). Muncke has calcu- 
lated, from the diffusion of a known weight of gold over silver wire, that one 
grain admits of subdivision into ninety-five thousand millions of visible 
parts, i. e, visible under a microscope magnifying 1000 i\mQ^.—{Handh. 
der Naturlehre, 43.) Pilms of gold, -finer than the finest leaves of the metal, 
may be* obtained by the following process. Place a thin slice of phosphorus 
on a surface of a very diluted solution of chloride of gold. Cover the vessel 
so as to prevent the access of light. In the course of twenty-four hours the 
gold will be reduced to the metallic state, for a considerable extent around 
the phosphorus. It will present the brilliant colors of the metal by reflected, 
but will appear bluish-green by transmitted light. The metallic film may be 
raised from the surface of the solution, by bringing into, contact with it a 
clean surface of glass. It will adhere to, and may be dried and preserved 
upon the glass. Its tenuity is such, that by mere appearance it is scarcely 
possible to determine on .which side of the glass it is deposited. It is proba- 
bly less than the millionth of an inch in thickness. 

The divisibility of matter is of interest to the chemist, inasmuch as it 
enables him to speculate on the limits of chemical tests for the detection of 
substances. If half a grain of nitrate of silver is dissolved and diffused in 
100 ounces of distilled water, the presence of the metallic silver throughout 
will be indicated by the liquid being rendered opaque, from the production 
of chloride of silver, by the addition of a few drops of a solution of common 
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salt. One grain of silver may here be proved to be split into 138,000 parts. 
But Malaguti found in sea-vv^ater taken off the French coast, that silver was 
dissolved in it as a chloride, in the proportion of one grain in 100,000,000 
grains, so that each grain of water would contain only the 100,000,000th of 
a grain of metallic silver. No analysis could reveal its presence, except by 
an operation on a large quantity. {Quart. Jour n. of Ghem. Soc. 1851, vol. 
3, p. 69.) One quarter of a grain of acetate of lead dissolved and diffused 
in 100 ounces of water, will form a solution which is turned of a brown 
color by sulphuretted hydrogen, in parts as well as in the mass. The lead 
is here converted into sulphide ; and a grain of the metal is actually split 
into 336,000 parts. With indigo the divisibility may be carried still further. 
One-eighth of a grain of indigo dissolved in sulphuric acid will give a well- 
marked blue color to 300 ounces of water. This is in about the proportion 
of a millionth part of a grain in every drop of water. Muncke, who has 
ingeniously calculated the weight of the minutest visible particle of gold 
obtainable from the division of a grain of metal, has endeavored, in reference 
to indigo, to determine the size of the minutest particles of this substance 
from the dilution of a measured quantity of its solution. He estimates it at 
the five hundred billionth of a cubic inch. {Op. cit., p. 44.) 

The divisibility of matter has of late acquired an additional interest in a 
chemical point of view, by reason of the discoveries of Kirchoff and Bunsen, 
in reference to the diffusion of metals. Their researches tend to show that 
sodiuu], probably in the form of chloride, is a constituent of the atmosphere, 
and is diffused as a vapor over the whole of the globe. The divisibility of 
sodium to the extent in which it may be detected by prismatic analysis, 
utterly defies the balance and the microscope. They have tested the diffu- 
sion of the vapor of sodium from a minute quantity by weight in a room of 
known capacity, and they have detected its presence by the prism when the 
quantity examined could not have exceeded the 195,000,000th part of a 
grain in weight. — {F/iil Mag., Aug. 1860, p. 95.) In reference to this 
mode of analysis they have also announced the presence of a metal (csesium) 
in a mineral water, of which it could not have formed more than the 
100,000,000th part. 

These results and calculations naturally suggest the question, wdiether 
there can be any limit to the divisibility of matter. Without going into the 
metaphysical part of this question, we may state that as bodies in masses 
can be proved to combine in definite weights, or weights which are fixed for 
each substance, it is probable that the same is true of the minutest particles 
of which they are composed. The view most consistent with chemical facts 
and theories is, that there is a limit to the divisibility of matter, and to this 
limit the terra atom {cLtofio^, undivided) is applied. It is believed that at 
this point matter is no longer divisible. What that limit is cannot be 
defined, and it is unnecessary for practical purposes to inquire. We can 
neither calculate nor estimate the size, shape, or absolute weight of atoms, 
but we can say that they are infinitely snialler than any particles which we 
can weigh in the most delicate balance, or measure in the field of the most 
powerful microscope. 

Cohesion. — The minute atoms of matter are held together by two forces ; 
first, the force of cohesion; and second, the force of affinity, or the chemical 
force. In simple substances cohesion only is exerted. Thus, in sulphur as 
a solid, and in bromine as a liquid, the particles of each element are held 
together by cohesion. In compound bodies the two forces are in operation. 
In a mass of lime the particles are united by cohesion ; but the oxygen and 
calcium of which the lime is constituted, are held together by offiniy. 

The force of cohesion in bodies may be destroyed by physical causes, and 
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the three states in which matter exists, solid liquid, and gaseous, depend on 
the relative amount of cohesive force exerted among the particles. In a 
solid the cohesive force is strong, in a liquid it is comparatively slight, and 
in a gas it ceases to manifest itself. The cohesion of solids is destroyed by 
pulverization, but more completely by heat, which operates as an antagonistic 
power. Thus many solids are reduced to a liquid, and ultimately to a 
gaseous or vaporous state, by the mere effect of heat. Ice, water, and 
steam, present familiar examples of these states of matter, in the well-known 
compound of oxygen and hydrogen. We can see a mass of ice or liquid 
water, but no eye, even aided by the microscope, can see the particles of 
aqueous vapor into which water is converted above 21 2^, Some bodies are 
known only in the solid state, e. g., lime and carbon ; others only in the 
gaseous state, e. g., oxygen; others, again, only in the liquid and gaseous 
states, e. g., alcohol. From recent experiments, there is reason to believe 
that bodies hitherto supposed to be of a fixed nature, such as platinum, 
iron, and even carbon, are capable of assuming the gaseous or vaporous 
state under the intense heat of the voltaic battery ; and that their particles 
may be thus transferred from one pole to another. 

The destruction of cohesion in compounds, whether brought about by 
mechanical division or by the effect of heat, does not, as a general rule, 
destroy the chemical force by which the atoms are bound together. Calomel 
may be reduced to the finest state of powder, or even converted into vapor, 
by heat; but each atom of the compound still consists of chlorine and mer- 
cury. In the same manner the invisible particles which constitute aqueous 
vapor, contain, in their most extreme division, oxygen and hydrogen. In 
sonie instances, heat" applied to solids or liquids, either directly or as a result 
of friction or percussion, will dissever atoms united by chemical affinity. 
Such effects are seen in the solid iodide and in the liquid chloride of nitrogen ; 
but this is the result, not of mechanical division, but of the decomposing 
agency of heat on such bodies, brought out by friction or percussion. The 
atoms of substances which are once chemically combined, require, as a rule, 
the chemical force for their separation. 

Adhesion.'— Qo\\Q^\o\\ may take place between substances of different kinds, 
Ibut this is by contact of surfaces, and is sometimes called adhesion. An 
amalgam of tin and mercury (used in silvering mirrors) adheres closely to 
a surface of polished glass. The film of reduced metal in the collodio-iodide 
of silver, on which a photographic image has been produced, adheres very 
firmly to the glass. Lastly, one metal, platinum, by reason of its expansion 
and contraction, when exposed to heat, not differing materially from that of 
glass, may actually be welded to this substance, and on cooling it firmly 
coheres to it. Stout platinum wire thus welded into short glass rods, forms 
a useful piece of apparatus for the detection of small quantities of bases by 
combustion. 

Capillary Attraction.— Closely allied to cohesion is that mutual attraction 
between the surfaces of solids and liquids which gives rise to the phenomena 
of capillary attraction, so called from its causing the visible rise of fluids in 
tubes of small bore. If a tube with a capillary bore of one-fiftieth of an inch 
be dipped at one end into a glass of colored water, the water rises to about 
2| inches, and the rise is great in proportion to the smallness of the bore, 
and is greater with water than with any other liquid. If two plates of per- 
fectly clean glass be so held as to form a very acute angle with each other, 
and their lower edges be then dipped into water colored by sulphate of indigo, 
the liquid will rise in the form of a curve (hyperbola) between the plates, 
rising highest where the space between them is least. It is in consequence 
of this species of attraction that a drop of water upon a solid surface wets 
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and adheres to it ; and that the surface of water in a clean tumbler is not 
truly level, but a little elevated upon the edges. These phenomena depend 
upon the nature of the substances presented to each other ; thus water will 
not rise upon greasy glass, or wax ; and hence also different liquids rise to 
different heights in the same tube, independently of their specific gravities, 
and of their relative degrees of viscidity. Mercury not only does not rise, 
but is depressed in the bore of a common glass tube: so that, unlike water, 
it presents a convex instead of a concave surface when contained in a glass 
tube or vessel, provided the tube or vessel is clean and the mercury is abso- 
lutely pure. The cohesive attraction of the particles of mercury to each 
other is greater than of the mercury to the glass: hence they are incapable 
of wetting it. This renders mercury well fitted for thermometers of a minute 
capillary bore. 

The rising of liquids in porous or spongy bodies, the ascent of oil or spirit 
in the wicks of lamps, in which the fibres of cotton or asbestos, by reason of 
their contiguity, build up small tubes or channels — and the circulation of the 
juices of plants, are dependent on capillary attraction. If a lump of white 
sugar is placed on a few drops of diluted sulphate, of indigo, the liquid rises 
and colors the whole substance of the sugar. A heap of dry sand placed in 
contact with water soon becomes damp throughout. If a short piece of cane 
is plunged into oil of turpentine, the liquid after a time rises through the 
fibrous or tubular structure of the cane, and may be burnt as with a wick at 
the top. A curious instance of capillary attraction operating with crystal- 
lization, is furnished by the following experiment : Let a Florence flask be 
half filled with a saturated solutio,n of bisulphate of potash. Plunge into the 
liquid a piece of clean white deal stick, so that the end may project one or 
two inches above the neck of the flask. If kept in a warm and dry place, 
the liquid will rise by capillary attraction, and a dense crop of prismatic 
crystals will after some time be formed on the top of the wood. As the 
small prisms build up tubes, the liquid is gradually drawn through them, and 
more crystals are deposited, until they fall off as a result of their weight. 

The effect of capillary attraction is often seen in crystallizing solutions. 
The fine prisms deposited at the edge of a vessel where the solution is in 
contact with it, draw up more of the crystallizing liquid and another crop is 
formed, in a ring or circle above the liquid. These carry the liquid by capil- 
lary attraction still further, so that they sometimes creep up the inside of a 
vessel and descend on the outsidco A prismatic crystallization of carbonate 
of soda, nitrate of potash, and sulphate of soda, is often seen on walls, 
covering a large surface, as a result of capillary attraction. 

This force is remarkable in the fact that, like cohesion, it is more powerful 
than gravity. Water and other liquids. are lifted perpendicularly in spile of 
gravitation. It affects the freezing point of water, which is much lower than 
32^ when the liquid is contained in a capillary tube. 
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CHAPTER II„ 

CRYSTALLIZATION— DIMORPHISM— ISOMORPHISM. 

The process by whicli the cobesiye force operates to produce asymmetrical 
or regular form in bodies is called crystallization. A crystal (xpva^a%%oi, ice 
, or crystal) is a polyhedral or many-sided solid, haviDg smooth and bright 
surfaces called planes, terminated by sharp edges or angles. This force is 
chiefly witnessed in bodies as they are passing from the gaseo.us or liquid to 
the solid state. The study of this subject is of some interest in reference to 
analysis. As a peculiar crystalline form is observed in a large number of 
mineral and organic compounds, an analyst, when assisted by the microscope, 
is enabled to detect many substances in quantities too small, or in mixtures 
too complex, for the application of ordinary tests. Thus a crystal of white 
arsenic not larger than a 20,000th part of an inch may be easily identified. 

This force appears to be impressed on the minute atoms of all kinds of 
matter. Simple and compound, solid, liquid, and gaseous bodies, all more 
or less assume a crystalline form when placed in the conditions necessary to 
the process. It appears to be as closely associated with the matter as the 
force of gravitation itself. Salts' not found in nature, but purely productions 
of art, acq^uire crystallizing power in fixed and definite forms, whenever the 
union of their atoms takes place in certain chemical proportions. Thus 
potassium, iron, carbon, and nitrogen, when artificially combined produce 
salts which, in one state, form splendid yellow octahedral crystals with a 
square base (ferrocyanide of potassium) ; and in another state, right 
rhombic prisms of a rich ruby color (ferricyanide of potassium), the two 
compounds differing but slightly in the proportions of one of their 
component parts. 

The fo7'ms of crystals are generally characteristic of the substance : thus, 
among native or natural crystals, quartz is known by its transparent six- 
sided prisms, fluor-spar by its cubes, and Iceland spar by its rhombs. 
Among artificial crystals, nitre is known by its long fluted prisms, common 
salt by its cubes, and alum by its well-marked octahedra. Some bodies, such 
as gum, starch, and glass, cannot be made to assume the crystalline state : 
they are for this reason called amorphous, from a, priv. and ^o^^^, form). 
Others, like sulphur, assume it most readily, provided cohesion be destroyed 
h J fusion, sublimation, or solution. 

Some bodies, e.g., the metals, can be readily crystallized by fusion ; others, 
as nitre, alum, arid the greater number of salts, only by solution ; and others, 
again, e.g , calomel only by sublimation. Corrosive sublimate and white 
arsenic may be obtained perfectly crystallized either by sublimation or 
solution, and in reference to arsenic the octahedral form is preserved in both 
cases. Hence it follows that if a substance^ cannot be melted, dissolved, or 
sublimed, it will not admit of crystallization. 

Crystallization hy Fusion. — If a quantity of pure bismuth is melted in an 
iron ladle, and is allowe4 to cool until a slight crust is formed on the 
surface, and two holes are,^hen made in this crust to permit the still liquid 
metal to be poured out, a fine group of cubic crystals of bismuth will be 
obtained. Sulphur melte^>dn a crucible at a low temperature, and treated 
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bj a similar process, will yield a hollow cavity coDtaining numerous prismatic 
crystals, intersecting each other in all directions. The crystals thus obtained 
will be large in proportion to the quantity of bismuth and sulphur melted, 
and the slowness with which the cooling has taken place. The melted sub- 
stances should be kept at perfect rest. Groups of crystals thus procured 
somewhat resemble the hollow minerals found in difterent strata called geodes 
(ysJddy]^, earthy). They are rough-looking globular masses on the exterior, 
but when broken are found to be lined with crystals of quartz, fluor, and 
other mineral compounds. 

Advantage is taken in the arts o£ this tendency of certain metals to 
crystallize by fusion, to separate silver from commercial lead. About six 
tons of lead are melted at once. In the act of cooling the lead crystallizes 
in octahedra, and is removed from the molten mass by means of a perforated 
iron ladle. The melted portion is thereby reduced to about seven hundred- 
weight ; and this consists of a very fusible alloy of lead and silver, in which 
the silver is in large proportion, and can be easily separated from the lead 
by other processes. The efficiency of this method of separation may be 
judged of by the fact that the average quantity of silver contained in lead is 
ten ounces to the ton ; and by the crystallization of the lead, the proportion 
of silver is brought up to two hundred ounces to the ton. 

StriLctuve of Crystcdline Solids. — The crystallization of sulphur, bismuth, 
and other metals by fusion, shows that crystallizable bodies are made up of 
groups of minute crystals, since but for the pouring off of the liquid portion 
of bismuth or sulphur, the whole would have set into a confused mass. An 
experiment on tin will further illustrate this condition. If a piece of tin- 
plate (tinned-iron) is warmed, and the surface is then brushed over with a 
liquid consisting of one part of nitric and one part of hydrochloric acid, 
wath eight parts of water, a very beautiful crystalline structure will be at 
once made apparent. This has been called the moiree of tin. The tin in 
cooling on the surface of the sheet-iron, assumed a crystalline structure, but 
this was concealed by a deposit of amorphous metal which the diluted acid 
removes. Spurious tin-foil, i. e., sheet-lead faced with tin, does not present 
this crystalline character. When treated with the mixed acids, after a short 
interval a dark blue or leaden color appears, and the spurious metal is par- 
tially dissolved. Most metals by exposure to solvents are found to present a 
crystalline structure. Platinum thus presents a crystalline surface from the 
action of nitro-hydrochloric acid, and aluminum may be easily moireed by the 
action of a solution of potash or soda. Yv'rought iron immersed in a weak 
acid solution of chloride of platinum, presents a fibrous structure ; and the 
damasking of steel is produced by washing the metallic surface with diluted 
nitric acid. 

Many salts which are soluble in water, may be made to present a well- 
marked crystalline structure as a result of partial solution. A. rough block 
of alum placed for a few days in a cold and nearly saturated solution of this 
salt, will present upon its surface the planes and angles of numerous octa- 
hedra. A crystalline structure is also thus brought out on a mass of bichro- 
mate of potash, sulphate of iron, or carbonate of soda. The cohesive force 
which holds together the atoms of salt, appears to be stronger in the planes 
and angles of the crystal than in other directions; hence these parts resist 
solution, and the block is unequally dissolved. Ice may be made to present 
a crystalline structure by soaking a block in water at about 32°. This struc- 
' ture, however, is rendered more apparent by the freezing of thin films of 
vapor deposited on glass during winter. The same phenomenon is observed 
with respect to most solids which can be dissolved or sublimed. Thus a 
rough block of camphor kept in a capacious bottle for some weeks, dimi- 
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nishes in bulk by reason of a portion being volatilized and deposited in 
crystals in the upper part of the bottle, wbich has been exposed to light. 
If the surface of the camphor be now examined with a lens, it will be found 
to be composed of the planes and angles of well-defined rhombohedra, as if 
it had been artificially carved. 

Cleavage. — To the crystalline structure may be referred the property of 
cleavage, whereby crystals can be easily broken only in certain directions, 
corresponding to the planes of crystallization. Masses of selenite (sulphate 
of lime), Iceland spar, and galena, when struck, will break readily in sharp 
angular fragments of different shapes, but presenting bright surfaces. When 
these broken surfaces are examined, they are found to correspond to the 
planes or layers of the primary form of the .crystal, to which each substance 
may ultimately be reduced by cleavage. Thus selenite readily splits in two 
directions, and in one of these so easily that it may be reduced to the thin- 
nest plates. Bj fracture in another direction, the pieces break in the angles 
of a rhomb, so as to form rhombic plates. Iceland spar (carbonate of lime) 
on the other hand, may be readily cleaved in three directions, so as to pro- 
duce a rhomboidal crystal. To this form, the numerous varieties of carbon- 
ate of lime may be finally reduced by cleavage. Galena, or sulphide of lead^ 
is met with crystallized as a cube, octahedron, or rhombic dodecahedron. 
The cubic galena admits of cleavage in three directions, corresponding to 
the rectangular form of the cube. If an attempt be made to split the octa- 
hedral or dodecahedral crystal parallel to the planes of those figures, the 
crystal will resist the force in these directions, but it may be readily broken 
in planes parallel to the cube. These three figures have therefore a direct 
relation to each other ; they may pass and repass into each other, and they 
constitute one of the systems in which crystalline forms are arranged. This 
property of cleavage shows that the force of cohesion in crystals is stronger 
in certain directions than it is in others. An amorphous or un crystalline 
solid, like chalk or starch, when struck, will break in any direction with a 
dull and uneven fracture. Another curious fact which was discovered by 
Mitscherlich is, that a great number of crystals, v^dien heated, expand un- 
equally, i. e., more in certain directions than in others. As a general rule, 
solids, when heated, expand equally in all directions. The crystals belonging 
to the cubic or regular system (alum, common salt, white arsenic), also follow 
this rule ; while in the five other systems of crystallization, the crystals, when 
heated, expand unequally in one or more directions. Thus a rhomb of car- 
bonate of lime, when heated only from 32^ to 21 2^, undergoes an alteration 
of shape. The obtuse angles become more acute, and there is by measure- 
ment a difference of SJ degrees in the inclination of the planes of the crystal. 
This can only be ascribed to an inequality in the cohesive force in two. 
opposite directions. On cooling, the crystal resumes its original shape. 

Crystallizing Force. — -The force with which cohesion is exerted in crystal- 
lization is very great. In the crystallization of water during freezing, lead, 
iron, and glass vessels are burst. This is owing to the increase of bulk 
which takes place when water passes into ice. (^See Water,) The effects of 
freezing water on rocks, earth, and porous stones are well known. Crys- 
tallizing solutions, by penetrating into small cracks or fissures in the vessels 
which contain them, often cause their destruction. An alloy of eight parts 
of bismuth, four of tin, and five of lead (fusible metal), crystallizes on cool-, 
ing from a state of fusion. It expands so as to fill a mould completely, and 
thus allows a perfect impression to be taken. For this reason, in the act of 
crystallizing it sometimes causes the fracture of a glass vessel in which it is 
melted. Cast iron crystallizes on cooling, and expands to such a degree that 
very accurate impressions may be taken from moulds. The Berlin iron used 
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for this purpose contains phosphoras, which increases the fusibility of the 
metal, and castings are obtained from this in imitation of the finest filigree 
work. 

Production of Crystals. — It follows from what has been stated regarding 
the conditions for crystallization, that substances which are insoluble, infu- 
sible, or fixed at a high temperature, cannot be crystallized by artificial pro- 
cesses. Carbon, sulphate of baryta, silicic acid, and fluoride of calcium, are 
found perfectly crystallized in nature, but they do not readily admit of crystal- 
lization by art. The natural crystallization of these bodies is probably due 
to the slow operations of nature over very long periods of time, and to the 
progressive increase in the size of the crystal by gradual accretion from 
without. 

In employing boracic acid as a solvent for alumina, magnesia, and oxide 
of iron, 'M. Ebelmen has succeeded in obtaining octahedral crystals identical 
in physical and chemical properties with the native spinelle rub}^ The sub- 
stances in proper proportions were fused with boracic acid, and by exposing 
this mixture for some days to the heat of a porcelain furnace, the solid acid 
was driven off and hard crystals of spinelle were formed. 

When diluted sulphuric acid is added to a solution of nitrate of baryta, 
the sulphate of baryta, owing to its great insolubility, falls at once in an 
amorphous powder. It shows no tendency to crystallization. "When the 
same acid is added to a solution of tartrate of potash, a crystalline precipitate 
(cream of tartar) is slowly separated. This compound is also produced in 
crystals by suspending by a thread, in the midst of a diluted solution of pot- 
ash to which a small quantity of alcohol has been added, a large crystal of 
tartaric acid. One or two drops of a solution of ammonia added to a strong 
solution of oxalic acid in a watch-glass, will slowly lead to the production 
of the well-marked prismatic crystallization of oxalate of ammonia. Metallic 
lead may be obtained in a beautifully crystalline state by immersing a piece 
of clean granulated zinc in a solution of the acetate of lead, acidulated with 
acetic acid : — or still better, by the introduction of a piece of clean zinc-foil 
into a weak solution of nitrate of lead, slightly acidulated with nitric acid. 
Tin may also be obtained finely crystallized in prisms by placing a piece of 
granulated zinc in a diluted solution of chloride of tin. When iodide of potas- 
sium is added to a solution of nitrate of lead, a rich yellow precipitate (iodide 
of lead) falls down. This precipitate is amorphous ; but if the supernatant 
liquid is poured off, and the yellow precipitate is boiled for a short time in 
water, a part of the iodide assumes a crystalline state, appearing under the 
microscope in triangular or hexahedral plates of a golden color, with shades 
of green. 

By Sublimation. — -Among the bodies which are easily obtained crystal- 
lized by sublimation, ^. e., from a state of vapor, may be mentioned benzoic 
acid, naphthaline, iodine, white arsenic, and camphor. The last-mentioned 
substance is slowly sublimed at ordinary temperatures, and if placed in a glass 
bottle exposed to light, rhombohedral crystals are deposited on the side on 
which the light falls, showing a remarkable relation of light to crystallization. 
The following experiments will illustrate this method of producing crystals. 
Place in a small tube about a quarter of a grain of white arsenic, heat the 
tube a little above the part where the powder is deposited, then very gra- 
dually warm the powder. At about STO*^ the arsenic will be volatilized, and 
if not too rapidly heated, well defined and distinct octahedra will be deposited 
on the cold part of the tube. Place in another tube a few grains of the red 
iodide of mercury ; heat it until it melts, then moderate the heat, and the red 
powder w^ill be sublimed in splendid rhombic plates of a brilliant yellow color. 

By Solution, '^'Wq must here select a salt, such as nitre, alum, or sulphate 
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of copper, the solubility of which greatly increases with the temperature. 
A boiling saturated solution of the salt is made, and the vessel is placed 
aside, covered over, and kept undistured. The cooling should be allowed to 
take place very slowly: 100 parts of water at 212^ will dissolve 246 parts 
of nitre, but at 60° this quantity of water will retain only 30 parts of the 
salt. Hence 216 parts are deposited on cooling in groups of prisms, which 
are large or small according to the qnantity of salt dissolved, and the slow- 
ness with which the deposit has taken place. As a general rule, the small 
crystals are more perfect in form and are more transparent than large crystals. 
As the crystals of salts are of greater specific gravity than the liquid in which 
they are formed, they are usually deposited at the bottom of the vessel, or 
they will adhere to any rough surfaces of wood or string which may be intro- 
duced into the crystallizing solution. Under these circumstances they increase 
in size by the spontaneous evaporation of the solution, and a continued 
deposit from without, and as they are in the midst of the liquid they retain 
a perfect form. We have thus seen produced rhombic prisms of carbonate 
of soda of sixteen inches in length, and stalactitic octahedra of alum of still 
greater dimensions. If the substance is not very soluble in w^ater (arsenious 
acid), the crystals are small but perfect, and are slowly produced. If the 
^ salt is equally soluble in hot and cold water, no crystals are obtained on cooling 
the solution. Common salt (chloride of sodium) presents an example of 
this kind, and by this singular property it admits of separation from a large 
number of salts. It can only be obtained crystallized from its saturated 
solution by evaporation {i. e., by the removal of the solvent). 

The liquid in which crystals are deposited on cooling, is a saturated solu- 
tion of salt for the temperature ; it is called the mother-liquor. By removing 
it from the deposited crystals and carrying the evaporation still farther, i. e./ 
until a slight pellicle appears on the surface, a fresh crop of the same crystals 
may be procured, but not so pure as those first obtained. The mother- 
liquor generally retains the impurities associated with the salt, and thus by 
repeatedly crystallizing a substance in fresh quantities of water, we may bring 
it to a state of great purity. In the crystallization of tartar emetic, the 
arsenic contained in the materials used remains in the mother-liquid; and 
according to Martins, the larger crystals of tartar emetic which are formed 
principally in the mother-liquid contain arsenic. — (Gmelin, vol. iv. p. 317.) 

The more slowly the evaporation takes place, the larger and finer the 
crystals. The small and opaque cubic crystals of common salt are obtained 
by rapid evaporation at a boiling temperature. The large crystals of bay 
salt are procured by the spontaneous evaporation of brine. A viscid state 
of the mother-liquor from repeated evaporations, is a bar to the production 
and deposit of fine crystals. Certain alkaloids and other compounds which 
do not bear a high temperature are procured perfectly crystallized by allow- 
ing the liquids to evaporate in vacuo at a low temperature — a vessel of 
sulphuric acid being placed under the crystallizing liquid, to absorb the 
aqueous vapor as it is evolved. 

Crystals may be made to grow or to increase in size, by selecting those 
which are perfect — covering them with the mother-liquid, and allowing this 
liquid to evaporate spontaneously. That the crystals may preserve their 
regular form while this increase is taking place, it is necessary that they 
should be occasionally turned, otherwise the deposit will be formed chiefly on 
the upper parts. 

Separation of Salts..— S^sfh^n two or more salts are present in the same 
solution, if of different degrees of solubility and not isomorphous, they may 
be separated by crystallization. It is observed that the salt which is least 
soluble for the temperature is separated first. In the evaporation of sea- 
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water, sulphate of lime, by reason of its insolubility, is first precipitated and 
removed. Chloride of sodium or common salt is then separated, as this is 
no more soluble in hot than in cold water, while the other salts associated 
with it are much more .soluble at a boiling than at a low temperature. When 
the water is exhausted of its crystallizable salts, the residue contains chiefly 
chloride of magnesium with traces of bromide. It is this chloride which 
gives an intensely bitter taste to the liquid, hence the residue is called 
" bittern." When two nearly equally soluble salts are present, that which is 
in larger quantity is usually separated first. 

. Deposition of Crystals. — As a general rule all crystals are deposited in the 
mother-liquor as the solution cools, but there are solutions of certain salts 
which if kept at rest and so covered as to prevent free access of air or dust, 
•will either not deposit crystals on cooling or deposit them only partially. A 
hot saturated solution of sulphate of magnesia placed in a vessel secured 
with bladder may be cooled to 60^, and yet will only partially deposit crys- 
tals. On agitating the cooled liquid, more will be deposited. This property 
is more remarkably manifested by sulphate of soda. This salt when dissolved 
at a boiling heat in the proportion of two parts by weight of crystals to one 
part by weight of boiling water, may be placed in flasks or tubes and cooled 
to 60° or below, without depositing crystals, provided the vessels are kept at 
rest and the surface of the solution is covered while hot with a stratum of oil, 
or the mouth of the vessel is firmly secured by caoutchouc or bladder. Upon 
agitating the liquid, or exposing it to air by cutting through the bladder — • 
by plunging into it a glass-rod or a crystal of the salt, the sulphate immedi- 
ately begins to crystallize, either from the surface or around the rod or crystal ; 
and the whole speedily forms a crystalline mass. If a quantity of this hot 
liquid is placed in a tube twelve inches long and is similarly secured, the 
process of crystallization may be easily watched ; the mode in which a solid 
mass of salt is built up of myriads of prisms intersecting each other in all 
directions, will be then at once made evident to the eye. We have preserved 
a solution of this kind, with the process of crystallization thus suspended, for 
three years, and the ordinary mechanical causes above mentioned brought 
about crystallization in the whole mass after this long period. From this 
sudden crystallization of sulphate of soda, we learn that the production of 
crystals i^ attended with the evolution of sensible heat, light, and even electri- 
city. The phenomenon is considered to be owing to the fact, that in a hot 
saturated solution the sulphate of soda is dissolved in an anhydrous state, 
and so remains on cooling, until slight mechanical causes operate on the 
solution. Agitation, the introduction of a crystal, or exposure to air, causes 
the formation of the ten-atom hydrate, so that the water now^ enters into 
chemical combination with the sulphate, and the whole sets into a solid mass. 
There is also a seven-atom hydrate of the sulphate of soda. Transparent 
crystals of this hydrate are frequently deposited in a flask during the cooling 
of a saturated solution. They become white on the surface, probably from a 
loss of water during the formation of the ten-atom hydrate. The crystallization 
of water itself presents a similar phenomenon. Water kept in a narrow tube 
and at rest may be cooled to 26°, and yet remain quite liquid. If shaken, 
or disturbed by the introduction of a small thermometer, a part of the water 
immediately congeals, and the thermometer rises to 32°. 

The liquid employed in the Storm-glass presents a remarkable instance of 
the slight causes which lead to the production and disappearance of crystals 
in a solution. Two parts of camphor, one part of nitre, and one part of 
chloride of ammonium are dissolved in a minimum of rectified spirit, to which 
sufficient water is added to dissolve the two salts, the alcohol being just suf- 
ficient to retain the camphor. If the solvents are in too large proportion, 
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the liquid may be brought to the point of saturation by slight exposure to 
the air. It should be filtered and placed in a long tube. At temperatures 
between 40° and 10*^ feathery crystals, chiefly of chloride of ammonium, are 
produced ; but these disappear at the higher temperaj^ure. It is supposed 
that their production is also influenced by electrical changes in the atmos- 
phere ; but of this there is no proof whatever. The separation of paraffine 
from the heavy oil in which it is dissolved, is the effect of a change of tem- 
perature. When the oil is cooled to below 40^, the solid paraffine crystal- 
lizes, and may be separated by pressure* from the liquid. 

Interstitial and Combined Water.- — Crystals which are deposited in a liquid 
necessarily retain a portion of the mother-liquor in their interstices. This 
has been called interstitial vjater. It is removed by draining and drying. 
The amount contained in any sample of crystals may be determined in the 
same manner as hygrometric water. — {See Water.) 

Many saline sulastances in crystallizing ifombine chemically with a certain 
prol^ortion of water, which is specially defined for each salt. These are 
hydrated salts. Some salts, such as the sulphates of soda and magnesia, 
form several hydrates — the number of atoms of water with which they com- 
bine depending on the temperature at which crystallization takes place. 
Sulphate of soda may be obtained crystallized in the anhydrous as well as 
in the hydrated state. The common sulphate contains ten atoms of water« 
Sulphate of magnesia, crystallized at common temperatures, combines with 
seven atoms of water. If crystallized by evaporation at a high temperature, 
there are six equivalents of water : and if crystallized from its solutions 
below 32^, large crystals containing twelve atoms of water are obtained.— 
{Regnaidt, 2, 259.) Some cry^alline salts contain no combined water; in 
other words, they are anhydrous. The chlorides of sodium and ammonium, 
and the nitrate and sulphate of potash are instances of this kind. Some of 
these, when suddenly heated, fly to pieces with a cracking noise, to which 
the name of decrejjitation is given. Common salt and sulphate of potash 
possess this property. On the other hand, alum -and phosphate of soda, the 
sulphates of iron and copper, and the carbonate and sulphate of soda, are 
hydrated crystalline soHds ; the combined w^ater in some of them forming 
more than half the weight of the solid salt. Thus the crystals of sulphate of 
soda contain 56 per cent, of water, and those of alum nearly 46 per cent. 
' The combined water is driven ofl' by heat, and the salt is dehydrated or ren- 
dered anhydrous. If the salt be previously dried, and a given weight of it be 
then heated in a platinum crucible, the amount of water may be determined. 
The crystalline form, color, and, to a certain extent, the properties, of the 
salt are dependent on the presence of this water. The sulphate, phosphate, 
and carbonate of soda readily lose a portion of their combined water at a 
moderate heat in a dry atmosphere. The sulphate of soda becomes almost 
completely dehydrated by exposure ; the crystals lose their transparency and 
fall to a white powder. This spontaneous change in crystal^i^is called efflor- 
escence : it is in general characteristic of the salts of soda. %t may be pre- 
vented by preserving the crystals in a damp atmosphere. On the other hand, 
some salts, such as the chlorides of calcium and magnesium, the nitrates of 
lime and magnesia, and the carbonate and acetate of potash, absorb water 
from the atmosphere, not in definite proportion, but until they are reduced 
to a concentrated solution of the respective salts. To this property the term 
deliquescence is applied. Many crystals undergo no change in air ; they are 
permanent. This is a character possessed by alum, nitre, acetate of soda, 
and many other salts, as well as by all native crystals. 

The chemically combined water in a crystalline solid does not manifest its 
presence bydampness or humidity when the substance is powdered. The 
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water, in entering into combination, is in fact solidified in the crystal. Alum 
is a perfectly dry salt, yet it contains nearly half its weight of combined 
water. On heating crystals of alum, they readily pas§ to the liquid condition 
or melt in their water £)f crystallization. This is gradually expelled as aqueous 
vapor by continuing the heat ; and a light white porous mass is left, in which 
no appearance of crystallization can be seen. The residue is anhydrous or 
burnt alum. In this state, and by reason of the loss of its water, the salt 
acts as a mild caustic. When water is poured over this dry mass the salt 
recombines with it, and great heat fs evolved. Gypsum is the native crys- 
talline state of sulphate of lime : it contains about 21 per cent, of water. 
When roasted at about 260° this water is expelled, and the crystalline mass 
falls to a white powder known as plaster of Paris. When this powder is 
mixed with sufficient water to form a cream, it sets in a few minutes into a 
firm mass, which by crystallization fills accurately every part of a mould on 
which it is placed. The setting of plaster of Paris is therefore due to the 
resumption of the combined water which had been expelled 'by heat. The 
strong tendency which sulphate of lime has to unite to water in the act of 
crystallizing, is well illustrated by mixling together equal parts of diluted 
sulphuric acid, and a highly concentrated solution of chloride of calcium. 
When mixed, the liquids set into a solid mass by the water of the two solu- 
tions combining with the sulphate of lime produced. When powdered sul- 
phate of copper is heated to a moderate temperature it loses its blue color 
and forms a white powder. On pouring water over it it becomes intensely 
hot, the water again enters into combination with the white anhydrous sul- 
phate, and the powder acquires a blue color. The color of the salt therefore 
appears to depend on the water of hydration. As a further proof, of this, 
the blue crystals become white when placed in strong sulphuric acid, as a 
result of a removal of the water by the acid. The green crystals of sulphate 
of iron are also rendered white under similar circumstances. 

The influence of the proportion of combined water on the color of crystals 
is more remarkably seen in the platino-cyanide of magnesium than in any 
other substance. These crystals are prismatic, and are of a rich red, with 
reflections of an emerald green color. A strong solution of them imparts 
to paper a carmine red color, and in this state they contain seven atoms of 
water. When water is dropped on the red compound on paper it imme- 
diately whitens the paper, forming a colorless solution of the salt. By gently 
heating the red deposit on paper, one atom of water is lost, and the sub- 
stance becomes yellow ; at 212° it loses four atoms of water, and is rendered 
colorless. If still more strongly heated, it loses all its water and becomes 
yellow. These facts, as well as the discovery of this salt — the type of a 
remarkable series— we owe to Mr. Iladow, of King's College. We find that 
the salt is an admirable test of humidity. If the paper stained with it is 
rendered yellow or white by a moderate heat, it rapidly resumes its carmine- 
red color, as af;result of hydration either in a damp atmosphere or by merely 
breathing on it. The chloride of cobalt is another salt which presents 
changes of color dependent on hydration or dehydration. Paper stained 
with this solution has a light pinkish-red color ; when deprived of water by 
heat it becomes blue, or, if any iron is mixed with it, green, but it resumes 
its pink color on cooling. 

Freezing Mixtures.— The rapid solution in water, of salts abounding in 
water of crystallization, is always attended by a diminution of temperature; 
and the more water of crystallization they contain the greater is their cooling 
effect during solution. As the water in these salts is solid, their solution 
cannot take place without at the same time rendering latent a large amount 
of heat. An ounce of crystals of sulphate of soda mixed with 'one ounce of 



IRREGULAR FORMS OF CRYSTALLIZATION. 33 

water lowers the temperature in consequence of the solid hydrated salt be- 
coming itself liquid ; but, as it has been above stated, if an ounce of anhy- 
drous sulphate be employed, the addition of water will raise the temperature, 
because part of the added water enters into combination with the anhydrous 
salt, and the latent heat of the water is set free. 

Freezing mixtures may be made by causing the rapid liquefaction of the 
combined water of crystalline salts. If to eight parts of crystallized sulphate 
of soda we add five parts of strong hydrochloric acid, each being separately 
at 50°, the acid takes away water from the sulphate, liquefying it at the 
same time, and it thus renders latent so large an amount of heat as to reduce 
the thermometer from 50^ to 0^. For common purposes, the materials used 
need not be weighed. The fresh crystals finely powdered should be drenched 
with strong hydrochloric acid. The acid mixed with ice operates in a pre- 
cisely simi-Mr manner, namely, it causes the rapid liquefaction of the solidified 
water, and lowers the thermometer from 32^ to It^. Diluted sulphuric acid 
in the proportion of four parts to five parts of the powdered crystals of sul- 
phate of soda, produces a mixture in which the thermometer sinks from 50^ 
to 30. 

Other curious phenomena are dependent on the setting free of the com- 
bined water of crystals. Chloride of ammonium contains no combined 
water : sulphate of soda contains 56 per cent. These are perfectly dry salts, 
but when rubbed together in a mortar in equal parts by weight, for some 
time, they form a liquid mass. In fact, they produce by double decomposi- 
tion chloride of sodium and sulphate of ammonia. The chloride of sodium 
takes no combined water, the sulphate of ammonia requires only 18 per 
cent. Thus 38 per cent, of the water of the sulphate of soda is set free as 
a liquid, and this causes the liquefaction of the mass. Sulphate of copper 
and sesquicarbonate of ammonia, when triturated together, form, for the 
same reason, a semi-liquid mass. 

Although it is commonly laid down as a principle that no substances will 
take on the crystalline state unless they have undergone fusion, sublimation, 
or solution, there are some exceptions to this rule among the metals. In the 
process of cementation, iron is converted into steel by heating it with carbon, 
or, as it is now said, with nitrogen. The iron loses its fibrous ^nd acquires 
a crystalline, character as steel, without fusion. By simple exposure to re- 
peated concussion or- vibration, wrought iron is observed to acquire a crys- 
talline structure and to become brittle. This is a change to which the axles 
of railway carriages are subject, and serious accidents have arisen, from the 
brittleness of the iron acquired during use, as a result of this crystalline 
condition. Platinum and silver vessels, frequently heated, undergo, after 
long use, a similar molecular change, and break with a crystalline fracture. 
The acquired brittleness of some kinds of brass wire, containing an undue 
proportion of zinc, may be attributed to a similar cause. 

Irregular .For/Tz^.— Yarious names are given to the crystalline structure of 
bodies when there is an absence of regular form. 1. Fibrous, spicular or 
aeicular, crystallization is seen in gypsum and sulphide of antimony. 2, A 
laminated or foliated structure is observed in mica, petalite, and' other mine- 
rals. 8. The substance may have a granular structure still presenting bright 
but irregular surfaces on fracture. Loaf-sugar, marble, and alabaster are 
examples of this kind. 4. Plumose or feathery crystallization is seen in 
chloride of ammonium, sulphate of strychnia, and other salts. 5. Stellated 
crystallization is seen in the grouping of minute prisms crossing each other 
at various angles. Strychnia and many other substances often present them- 
selves in this form. 

Begidar Forms,-— 1^\\Q external forms of regularly crystalline solids are 
3 
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subject^to great variation. The nature of the solvent, the temperature, and 
the presence of other substances in the liquids, modify the form, by creating 
new planes or angles, so that the true shape of the crystal may be no longer 
recognizable. The octahedral crystals of alum lose their solid angles when 
an excess of acid is present, and they become converted to cubes when alu- 
mina predominates. In foul and muddy liquids crystals are usually depo- 
sited in their simplest forms ; in gelatinous and saccharine solutions they are 
generally single, and remarkably sharp and regular. Common salt deposited 
from an aqueous solution containing urea, crystallizes in octahedra instead 
of cu^bes, which are its usual figure ; and sal ammoniac under the same cir- 
cumstances forms cubes, whereas in pure water its crystals are octahedral. 
Berzelius states that large crystals of nitre may be obtained from its solution 
in boiling lime-water, which has no other analogous effect upon other salts. 
ISTative crystals of the same substance are met with in great 'variety. Car- 
bonate of lime is said to present itself in a hundred varieties of form ; but 
these are all reducible to one common figure by cleavage, namely the rhomb. 
Iron pyrites may be met with either in cubic, octahedral, or dodecahedral 
crystals ; but these are forms which are reconcilable with a systematic arrange- 
ment of the molecules around similar axes. 

In order to facilitate the study of this subject, and to reduce the large 
variety of forms to a few well-marked classes, chemists now generally agree 
in assigning crystals allied in form, to one of six different systems of crystal- 
lization, the particles of the substance being supposed to be symmetrically 
arranged around certain imaginary axes of the crystal. A system, therefore, 
includes all those forms, however varied, which can be referred to the axes 
which are peculiar to it. We give on the next page, a table of the special 
characters of the six systems of crystallization as described by Weiss, includ- 
ing their allied forms and their relations to heat and light. 
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[To the reader who wishes to pursue this subject, we recommend the small 
and concise 'VPrecis de Cristallographie" of M. Laurent. Models in white 
wood, representing the systems of crystallization and the principal allied 
forms, may be obtained of dealers in' chemical apparatus.] 

The student should make himself acquainted with the common external 
forms of well-known substances, including the cube, octahedron, and its deriv- 
ative, the tetrahedron—the square, hexahedral, oblique, and rhombic prisms, 
and plates. A few drops of a solution of the substance in water or alcohol, 
left to spontaneous evaporation on a glass slide, will furnish a group of crys- 
tals, of which the forms can be well determined by a low power of the micro- 
scope. If we have to deal with a soluble solid in fine powder, we should 
dissolve a quarter of a grain in a few drops of water or alcohol on a glass 
slide, according to the solubility of the substance in either liquid. The 
liquid should be warmed, until its circumference acquires a slight but visible 
margin of saline matter. The glass may then be placed aside, and the liquid 
allowed to crystallize slowly. No crystals are so perfect for microscopical 
observation as those which are procured in dry and warm weather by spon- 
taneous evaporation. This micro-chemical examination will not only guide 
analysis by leading to an immediate suspicion of the real nature of the sub- 
stance—but it will enable a chemist to detect and pronounce an opinion on 
the impurities in the substance examined ; and in medical practice it may 
suggest the nature of the disease, and point to a plan for treatment. The 
sedimentary deposits in urine are now easily recognized by their crystalline 
forms, and the presence of urea, uric acid, or cholesterine in the blood or 
other liquids, is known by the peculiar crystalline shape which each assumes. 

Dimorphism (Bl^ and ftop^^, two forms).— -It is a remarkable fact that the 
same substance may present itself in crystalline forms belonging to two dif- 
ferent systems : such bodies are called dimorphous. This is the case with sul- 
phur, which when crystallized by fusion yields oblique rhombic prisms (5th 
system), but is deposited from certain of its solutions in octahedra with a 
rhombic base (4th system). Carbon, in the form of diamond, crystallizes in 
octahedra, but as graphite, in hexagonal plates. Carbonate of lime in calca- 
reous spar has the rhombohedral structure, but in arragonite that of the rect- 
angular prism ; and there are other analogous instances. It has been found 
in regard to these cases of dimorphism, that each form has its peculiar density; 
the specific gravity of calcareous spar, for instance, being 2''7l ; that of arra- 
gonite is 2-94. The temperature too at which the crystals are formed is 
another influencing cause : thus when carbonate of lime is precipitated by 
adding chloride of calcium to carbonate of ammonia, the grains of the pow- 
der are rhombohedral if thrown down at the temperature of 50^, but octa- 
hedral if at 150O (a. Rose, Fhil. Mag., xiii. 465.) 

The iodide of mercury presents a remarkable instance of dimorphism. It 
Is of a rich scarlet color, and as it is obtained crystallized from a saturated 
solution in iodide of potassium, it assumes the form of octahedra, with a 
square base. When heated it becomes yellow, forms an amber-colored liquid, 
and may be sublimed in rhombic plates of a rich yellow color. In twenty- 
four hours these crystals, either partially or wholly, acquire a scarlet color. 
Mr. Warington has observed the rhombic plates to break into octahedra with 
a square base, as they changed from yellow to scarlet. Hence it is reasonable 
to infer that there is a spontaneous change in the molecular condition of this 
salt ; indicated not merely by change of form but by change of color in the 
crystal. The scarlet powder may be crystallized on a card without fusion, by 
heating it over a spirit-lamp (thus furnishing an instance of the crystallization 
of solids) : and if, when cold, the yellow crystalline compound is rubbed 
with a piece of paper, it is re-converted to the red iodide. These differently 
colored crystalline forms may be regarded as allotropic states of the substance. 
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Dimorphous bodies, or substances crystallizing in the incompatible forms 
of two different systems, must be regarded as exceptional to the general law 
of crystallization. It is a curious fact, however, that when this condition 
exists, the substance frequently presents in its two forms marked differences 
in hardness, specific gravity, lustre, solubility, fusibility, optical characters^ 
&c., thus showing a molecular difference throughout. In addition to the 
substances above mentioned, dimorphism has been observed in specular iron 
ore, iron pyrites, the carbonates of iron and lead, arsenious acid, oxide of 
antimony, the sulphates of magnesia, zinc, and nickel, and in the seleniates 
of the two latter metals. It has been noticed with respect to some of these 
cases of dimorphism, that the crystal of one system is made up of groups of 
crystals of the other system. The sulphate of nickel crystallizes in right 
rhombic prisms. Mitscherlich found that when these prisms were heated and 
broken up, they were resolved into minute crystals of the second system, 
namely, octahedra with a square base. The crystals of sulphur, recently 
obtained by fusion, are in the form of oblique rhombic prisms of a yellow 
color, transparent and somewhat flexible. In a few days they become opaque 
and brittle, and they fall to a powder which, under the microscope, is found 
to consist of rhombic octahedra. 

Isomorphism (from Uo^ similar, and ^op4>i7 form.) — Although substances may 
in general be identified by their special forms, yet different substances, like 
white arsenic and alum, may present themselves in similar forms. Sometimes 
a similarity of form is presented by substances which also resemble each other 
in atomic constitution, or in the number of atoms of acid, base, or water, 
which enters into their composition. In this case it has been found that 
such bodies may replace each other, or be substituted for each other in com- 
bination, without affecting the crystalline form. Thus the arseniate and bin- 
arseniate of soda have the same forms as the phosphate and biphosphate of 
soda; and the arseniate and binarseniate of ammonia resemble the phosphate 
and biphosphate of that alkali. Such salts are termed isomorphoiis. In the 
above instances, the equivalents of acid, base, and water of crystallization 
correspond ; and a similar correspondence has been traced in the atomic con- 
stitution of the acids and bases of the salts. Thus the arsenic and phosphoric 
acids each include one equivalent of base and five of oxygen, and are therefore 
themselves isomorphous; so also phosphorus and arsenic are presumed to be 
isomorphous- — isomorphous compounds, in general, appearing to arise from 
isomorphous elements. They have the same garlic odor in the state of vapor, 
and combine with the same number of atoms of hydrogen to form gases. So 
also in respect to the isomorphism of the sulphates, seleniates, chromates, 
and manganates of the same base, each of the acids in these eases contains 
three atoms of oxygen to one of the metalloid or metal. In respect to bases, 
similar analogies are observable ; thus the salts formed by magnesia, the 
protoxides of zinc, iron, nickel, cobalt, and copper, with a common acid, are 
isomorphous ; and alumina and the sesquioxides of chromium, manganese, 
and iron, each of which contains two atoms of base and three of oxygen, 
replace each other in many combinations without change of crystalline form. 
This is seen in the different varieties of alum. The following is a tabular 
view of some isomorphous groups :— 

Chlorine ") Cliloric acid .,...«, ClOg 

10. 



Iodine V Iodic acid 

Bromine J Bromic acid . 

Sulphur ■] Sulphuric acid 

Selenium ! Selenic acid 

Chromium j Chromic acid 

Jiese J Manganic acid 



BrO, 

SO3 

SeOg 

CrOg 

MnO, 
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Phosphorus 
Arsenic 

Arsenic 
Antimony 

Barium 

Strontium 

Lead 

Calcium 

Potassium 

Sodium 

Ammonium 

Calcium 

Magnesium 

Manganese 

Iron 

Zinc 

Cadmium 

Cobalt 

Copper 

Nickel 

Aluminum 

Manganese 

Iron 

Chromium 



Phosphoric acid . 
Arsenic acid .... 
Arsenious acid (unusual form) 
Teroxide of antimony . 

Their oxides .... 

(in arragonite) 

Their oxides . 



Their oxides . 



Their sesquioxides 



AsO, 

AsOg 

SbOg 

fBaO 
j SrO 

I PbO 

i,CaO 
KO 
NaO 
NH,0 

fCaO 
MgO 
MnO 
EeO 
ZnO 
CdO 
CoO 
CuO 
MO 

fAlA 

I Mn,03 

1 Fe^Og 



Common alum consists of sulphate of alumina united to sulphate of potash 
with water of crystallization. It crystallizes in well-marked octahedral 
crystals. Soda and ammonia are isomorphous with potash, and each may 
take the place of this alkali without affecting the form of the crystal. So 
again the oxides of manganese, iron and chromium are isomorphous with the 
oxide of aluminum (alumina). Each of these oxides may take the place of 
the alumina, the other constituents remaining the same, and the octahedral 
form of the compound will be unaltered. A crystal of potassa-alum may 
therefore receive a deposit of ammonia-alum in a solution of that salt, and it 
has even been found, as a remarkable instance of the tendency of isomorphous 
salts to crystallize together, that a white crystal of potassa-alum may be 
coated with a layer of deep ruby-red chrome-alum ; and it is stated that if a 
solid angle be broken off, chrome-alum may be deposited in its place. From 
this ready association of isomorphous salts, it is difficult to purify them by 
crystallization. Thus all commercial alum contains oxide of iron, which 
replaces part of the alumina. Sulphate of magnesia and sulphate of zinc 
are isomorphous, and if mixed, they crystallize, more or less, together, so 
that other means must be resorted to in order to separate them. This obser- 
vation applies also to the sulphates of copper and iron, which belong to the 
same system. They are isomorphous in regard to acid and base, and, when 
mixed, each crystallizes with seven atoms of water. It is a curious fact, that 
pure sulphate of copper, in crystallizing, combines with only five atoms of 
water ; but if sulphate of iron is present, it will crystallize with seven atoms, 
like this sulphate. The two are then isomorphous, and they cannot be sepa- 
rated from each other by crystallization. If a large crystal of sulphate of 
copper is placed in a nearly saturated solution of sulphate of iron, it will be 
increased in size by a deposit of this salt on the outside, and a crystal may 
thus be constructed of successive layers of either salt. Although the carbon- 
ates of iron and magnesia are isomorphous, the sulphates of these bases are 
not. They contain different quantities of water of crystallization, and when 
a solution of the mixed salts is concentrated by evaporation, crystals of each 
are separately deposited. 

Besides a reliance upon form, the measurement of the angles of crystals 
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when of similar form, is sometimes necessary for the purposes of mineralogy. 
An appropriate and beautiful instrument for this purpose is the goniometer of 
Dr. Wollaston. Its action depends on the reflection of light from the 
polished surface of a crystal, however minute. By rotating a brass circle^ 
the value of the angle made by any two planes is at once determined ; and as 
a vernier is attached to the scale, a very slight difference in the angles of two 
similar rhombs may be readily determined, and the identity of each, made 
out. Thus the carbonates of lime and magnesia assume the rhombohedral 
form, and are alike in cleavage. By the goniometer, however, it is found 
that in carbonate of lime the angles formed by the two planes is 105° 5', 
while in the rhomb of carbonate of magnesia the angle is 101^ 25'. These 
measurements supply means of identifying these minerals. 



CHAPTER III. 

CHEMICAL AFFINITY— SOLUTION— ELECTROLYSIS. 

Chemical Affinity . — The special characters of the chemical force have been 
already explained. While cohesive attraction merely unites the atoms of 
similar or dissimilar kinds of matter without altering their properties, chemical 
attraction or affinity leads to the union of dissimilar atoms with a more or 
less complete change of properties. 

A chemical compound is known, 1. By the substances uniting in definite 
proportions by weight — these proportions being called atomic, or equivalent 
weights. 2. By their union being attended with the absorption or evolution 
of heat, or the evolution of light, electricity, and magnetism. 3. By a 
change of properties — thus the density, color, solubility, and crystalline form 
of the compound, as well as its reactions on other bodies, are in general 
different from those of its constituents. 

This force is only manifested between the minute particles of matter. 
Place a few grains of powdered iodine in a capacious jar, ^. e. of 200 c. i. 
capacity. After agitation for a few minutes the particles of iodine will be 
found diffused through the whole of the jar. They are quite invisible, but in 
a mass they may give a slight pink tinge to the aerial contents. If a long 
strip of bibulous paper, soaked in a solution of starch, be now gradually 
introduced, the presence of the atoms of iodine, and the formation of a 
chemical compound with the starch, will be indicated by the gradual pro- 
duction of a purple or blue color in the paper. Although five times the 
weight of water, and four thousand times the weight of the air in which 
they float, these imponderable atoms clearly indicate their presence and 
diffusion by a chemical action on starch. If the paper is now removed, and 
a leaf of silver (made to adhere to a glass-plate by breathing on it), is 
brought over the mouth of the jar so as to close it, the chemical formation 
of iodide of silver will be indicated by the production of circular films on 
the metal, of a straw-yellow, purple, blue, and brown color, each of these 
films indicating an infinitesimal tenuity of iodide of silver, probably less 
than the 2,000,000th of an inch in thickness. On a purple film thus obtained, 
an image may be produced by light in the Daguerreotype process. 

Influence of Cohesion. — As a general rule, the more perfectly cohesion is 
destroyed in substances, the more strongly is chemical affinity manifested. 
A small block of tin covered with nitric acid in a glass, will show only a 
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slight amount of chemical action. If an equal weight of tin in the state of 
powder is similarly treated, the acid is decomposed with great violence. So 
in acting upon equal weights of calcareous spar in lump and fine powder, by 
adding to them diluted hydrochloric acid, a striking difference will be 
observed in the relative amount of chemical action. The reduction of a 
solid to powder operates simply by increasing the surface for chemical action, 
w4iich, cmteris paribus, is always proportioned, in intensity to the surfaces of 
contact between bodies. A cubic inch of a substance exposes only six 
square inches of surface ; but if divided into a million parts, that small area 
is multiplied into 416 square feet. The finest pulverization of all solids is 
therefore a necessary condition for a perfect and rapid chemical combination. 

A stream of sulphuretted hydrogen gas may be allowed to fall on a mass 
of anhydrous oxide of iron '(hematite) without producing any chemical 
changes. If, however, the gas is passed on the anhydrous oxide in fine 
powder, the whole mass becomes speedily red hot, and water and sulphide of 
iron are produced. The same gas may be passed into pure water contained in 
a flint-glass vessel without indicating the presence of lead in the glass ; but if 
the flint-glass finely powdered is thus treated, it is rendered brown by the 
conversion of the oxide of lead contained in it into sulphide of lead. 

Liquids readily combine on mixture ; and some gases combine on contact, 
although in the latter case heat or electricity is generally required to bring 
about their union. Solution facilitates chemical action by reason of the 
infinitesimal division to which a solid is thereby reduced ; and so frequently 
is this a preliminary to chemical processes, that the maxim corpora non agunt 
nisi soluta is a generally accepted truth. At the same time in reference to 
solids which are not easily brought to a state of solution, the operator must 
equally bear in mind the rule — corpora non agunt nisi divisa. 

The effect of the minute division of solids in accelerating chemical action 
is well illustrated in pyrophori — substances which are spontaneously com- 
bustible on exposure to air. If finely powdered Prussian blue is heated 
intensely in a glass tube, and then hermetically sealed, the brown-black 
powder into which it is converted, instantly takes fire, with bright scintilla- 
tions, on exposure to air. If dry tartrate of lead is heated in a tube to a 
dull red heat, i.e., sufficient to carbonize the acid (and the tube is hermetically 
sealed), the residue, when exposed to air, will take fire and burn. In the one 
case, minute atoms of iron, and in the other of lead, are instantly oxidized 
with the phenomena of combustion at the ordinary temperature ; although 
neither iron nor lead will burn in air under common circumstances. Sulphate 
of potassa in powder, strongly heated in a covered crucible, with half of its 
weight of lamp-black, is converted into sulphide of potassium, which becomes 
so rapidly oxidized on exposure to air, that it will take fire and burn. The 
difference between the combustibility of carbon as tinder, and of carbon as 
coke or diamond, is also dependent on the different cohesive force and 
amount of surface exposed by the substances. Again, fine zinc shavings are 
very combustible in the heat of a spirit-lamp, while a bar of the metal, or 
stout foil, resists combustion. There is no case in which this effect of 
division and surface is more strongly manifested than in phosphorus. This 
substance may be exposed to air in a mass, at temperatures below GO^, 
without taking fire. When dissolved in the sulphide of carbon, and the 
solution is poured over a sheet of thin paper, a layer, consisting of infinitely 
minute particles of phosphorus, is left upon the paper by the evaporation 
of the solvent ; and when dry, the fine particles of phosphorus on the 
covered portion of paper, burst into a sheet of flame. We are accustomed 
to speak of oxygen as it exists in our atmosphere as passive, but these 
facts show us that its passivity is more apparent than real ; and that 
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were it not for tbe force of cohesion by which the particles of matter are 
held together as solids, many of the metals and metalloids could nqt possibly 
exist in an unoxidized condition. 

In some exceptional cases, solids are found to react upon each other. 
Potassium placed on ice will decompose it, and burn at the expense of the 
oxygen, which is one of its constituents. If powdered iodine be placed on 
a freshly cut slice of dry phosphorus, mere contact leads to the fusion of 
the phosphorus, and to instantaneous combination with combustion. A 
mixture of finely powdered chlorate of potash and allotropic phosphorus 
explodes with the slightest friction and with tremendous violence. 

Influence of Water. — -The influence of water on chemical affinity is very 
remarkable. In some cases, by its removal, chemical changes are entirely 
arrested. Albumen or gelatin, combined with a small quantity of water, 
speedily putrefies ; but when desiccated, or deprived of water, these sub- 
stances undergo no change. — {See Water.) Iron has a great tendency to 
become rusted or oxidized on exposure to air ; but if the air is perfectly free 
from water, there is no rusting or oxidation. A strong solution of nitrate 
of silver dried on paper is decomposed in a few days, even when kept from 
light. The organic matter of the paper reduces the silver to the metallic state 
in the dark, and the paper becomes discolored. If, however, the paper is 
placed in a vessel containing chloride of calcium, and kept from the light, it 
may be preserved unchanged for weeks and months. Sensitized papers used 
in the art of photography, or photographic drawings when once taken, are 
thus effectually preserved from change, so long as they are in a dry atmo- 
sphere. Even pure chloride of silver, prepared as white as snow, by immersing 
leaf-silver in chlorine gas, undergoes no change on exposure to light, provided 
chloride of calcium is placed in the vessel containing it, and the vessel is 
accurately closed. We have thus kept the chloride of silver for six months, 
with its whiteness unaltered, although during that time it was exposed to the 
direct solar rays. The film of iodide of silver, which is used in the collodion 
process of photography, may be kept for many months in the dark, with its 
sensitive powers undiminished, provided the surplus nitrate of silver is 
removed by washing' — the film itself is dried and coated with a layer of 
albumen or tannic acid, and lime or chloride of calcium is placed in the box 
to absorb any moisture. 

In the absence of water we can get no evidence of acidity or alkalinity in 
substances. Thus sulphuric acid in the anhydrous state is a fibrous solid, 
which has no action on litmas, and no corrosive properties. Solid anhy- 
drous phosphoric acid has no acid reaction on test-paper ; this is only mani- 
fested on the absorption of some water from the air. Boracic acid and 
silicic acid are in tbe same condition ; in fact, owing to its entire insolubility 
in the free state, silicic acid cannot be proved to have any acid reaction at 
all. Dry carbonic acid gas has no action on dry litmus. The same remark 
may be made of the gallic, pyrogallic and other vegetable acids, whether 
hydrated or anhydrous. They manifest no acid reaction on test-paper until 
water is added. It has been supposed that this apparent production of 
acidity by water was a proof that all acids must owe their acidity to hydrO' 
gen, and be really hydracids, hydrides of new radicals, or, as they are termed, 
''salts of hydrogen ;" but such an hypothesis is not necessary for an expla- 
nation of the facts. Thus, in reference to the elements of phosphoric, car- 
bonic, pyrogallic, and other acids, water may simply act as a solvent to bring 
the constituents of the acid in contact with the vegetable color. Anhydrous 
potassa, soda, ammonia or morphia in the absence of moisture or water, can- 
not be proved to exert any alkaline reaction on vegetable -colors; and to 
explain this reaction, it is not necessary to suppose that the potash or soda 
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absorbs another atom of oxygen and becomes a hydride (see Oxacids, and 
Oxygen), or to assume therefrom that hydrogen is the cause of alkalinity. 
Among salts which readily decompose each other, this entire want of action 
is observed unless water is present. Dry tartaric acid has no action on dry 
carbonate of soda, even when finely powdered. In the cases above-men- 
tioned, water as such may take a share in promoting chemical action without 
necessarily undergoing decomposition. (For other instances, see Water.) 

In the chemical process of bleaching by chlorine, it is highly probable that 
water is decomposed. Dry chlorine has no bleaching action on dry vege- 
table colors. The slightest trace of humidity in the gas or in the colored 
material brings about the destruction of color. As hydrochloric acid is found 
in a liquid thus bleached, some portion of the water must have parted with 
its hydrogen ; and oxygen thus liberated in the nascent state (as ozone) 
enters into combination with the coloring matter and probably operates as 
the direct bleaching agent. 

Influence of Beat. — Heat plays an important part in reference to chemical 
affinity. By its agency bodies are united and disunited. Mercury combines 
with oxygen at one temperature, and at a still higher temperature, the 
compound is again resolved into mercury and oxygen. Protoxide of barium 
will at one temperature take another equivalent of oxygen, to form peroxide ; 
but when this compound is more strongly heated, the atom of oxygen will 
be expelled, and it will revert to the state of protoxide. Generally speaking, 
the effect of heat is to increase the affinity of bodies for each other. Thus 
sulphur and charcoal have no tendency to combine with oxygen unless 
heated to about 500^ and 1000° respectively, when they both undergo 
combustion, and produce gaseous compounds. The inflammation of gun- 
powder furnishes an example of the effect of heat on these ingredients. It 
is only when this substance is heated in air to a temperature above 500° 
that combustion takes place, with the conversion of the solid into a large 
volume of gases. 

The solubility of substances in water is generally increased' by heat : in 
some, instances, the reverse condition is observed. Lime is twice as soluble 
in cold as in boiling water; hence when a saturated solution of lime is 
boiled, a portion of this alkaline earth is deposited. A very diluted solution 
of persulphate of iron is decomposed by heat, and a basic salt with excess of 
oxide is deposited. The effect of heat on albumen is remarkable. At a temper- 
ature exceeding nO°, the soluble is converted into the insoluble variety, and 
the properties of the substance are entirely changed. Heat destroys tempo- 
rarily the combination of iodine with starch ; the liquid from being intensely 
blue becomes colorless ; but if not too long heated the color of the liquid 
will be restored on cooling, by the reabsorption of the vapor of iodine, which 
has been temporarily separated from the starch. When this experiment is 
performed in a close vessel the colored compound is reproduced ; but when 
in an open dish, the iodine is lost by volatilization, and the blue color is 
either not restored, or only in a slight degree. A solution of chloride of 
calcium, so diluted as to yield no precipitate with a solution of sulphate of 
soda, undergoes decomposition when heated, and sulphate of lime is precipi- 
tated, the salt being less soluble in hot than in cold water. Again, borate 
of soda produces no precipitation or apparent decomposition of sulphate of 
magnesia in the cold, but when a solution containing the live salts is boiled, 
an insoluble borate of magnesia is thrown down. A solution of bicarbonate 
of soda, or of carbonate of lithia, gives no precipitates with sulphate of 
magnesia until the liquids have been boiled. It is unnecessary to specify 
additional instances of the influence of heat on chemical affinity. Illustra- 
tions will be found in the history of every element and of most compounds. 
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Injluence of Light. — The influence of light is seen in some combinations 
of the gases, as well as in the changes produced in the salts of certain metals, 
as silver, mercury, gold, chromium, iron, and uranium. When equal 
volumes of chlorine and carbonic oxide are exposed in a glass vessel to solar 
light, they combine to form a compound known as pliosgene gas. In the 
dark they manifest no tendency to unite. When chlorine and hydrogen are 
mixed and exposed to the direct rays of the sun, they combine with explo- 
sion, and produce hydrochloric acid ; in the dark there is no combination ; 
and in the diffused light of day the union of the gases takes place slowly, 
without explosion. So strictly does this union depend on light, that Bunsen 
and Roscoe have made use of such a mixture for the purposes of photometry, 
in determining the relative intensity of light. On the other hand, under the 
influence of light, aqueous vapor mixed with chlorine undergoes decomposi- 
tion, hydrochloric acid and oxygen being the products (supra). ■ Unless a 
solution of chlorine is carefully kept in the dark, it is rapidly decomposed, 
and the liquid becomes strongly acid from the hydrochloric acid produced. 
It is under the influence of solar light that carbonic acid is decomposed by 
the leaves of growing vegetables, and the carbon is fixed, while oxygen is 
liberated. 

The influence of light on chemical affinity is especially seen in the cha,nges 
produced on the salts of silver. When in contact with organic matter, 
nitrate of silver is entirely decomposed by exposure to light. The oxygen 
and nitric acid are removed and the silver is reduced to the metallic state. 
If moisture is present, chloride of silver is also decomposed by exposure to 
light, hydrochloric acid is produced, and metallic silver is deposited. In 
reference to these salts, the changes are physical as well as chemical- — the. 
silver is visibly darkened. Other salts of silver, such as the iodide and 
bromide, undergo no visible change of color when exposed to light; but 
they are altered in their molecular state. (See p. 48.) This subject will 
bemore fully considered in the subject of Photography. The suboxide of 
mercury, exposed to light, is converted into red oxide and metallic mercury. 
Turpeth mineral, or the basic sulphate of the peroxide, is darkened by light. 
The salts of the peroxide of iron, formed by the citric and oxalic acids in 
contact with organic matter, are reduced to proto-salts by exposure to light, 
a fact which may be proved by the application of appropriate reagents, e. g. 
the chloride of gold. The persalts of uranium and the bichromate of 
potassa are also reduced to lower degrees of oxidation by exposure to the 
solar rays. 

The effects above described take place under the influence of ordinary 
light ; but a closer analysis of the phenomena has established the fact, that 
this chemical influence is almost exclusively confined to the more refrangible 
rays of the spectrum, namely, the blue and violet. Thus, an intense light 
passing through violet or blue glass will cause the immediate explosion of a 
mixture of chlorine and hydrogen ; while the same light, traversing yellow 
or red glass, has no combining effect on the gases. Although a larger 
amount of luminosity exists in the yellow than in the blue light, the yellow 
rays are powerless to bring about a chemical union of the gases. This 
peculiar effect of colored light is equally observed in reference to the changes 
produced on the salts of silver ; but in different degrees in different salts. 
The rays which produce these chemical changes are called actinic ; they are 
met with even beyond the visible violet ray. On the undulatory theory of 
light, the blue and the violet rays are considered to produce a greater 
number of ethereal undulations, in a given time, than the yellow and the red 
rays ; and the difference of color is supposed to depend upon the difference 
in the number of their undulations. While this theory derives great support 
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from many physical phenomena, it affords no satisfactory explanation of the 
remarkable influence of white or colored light upon the chemical union and 
decomposition of bodies. 

Influence of the Nascent ^S'^a^e.— Gases when once in the free state do not 
readily combine with each other. Thus hydrogen will not combine with 
nitrogen to form ammonia, nor will it combine with sulphur or arsenic 
in powder or vapor, to form sulphuretted or arsenuretted hydrogen ; but 
there is a condition called the nascent state, which is eminently favorable 
to the chemical combination of these bodies, either with each other or 
with solids. The nascent state simply implies that condition in which a 
body is passing from the solid or liquid to the gaseous state. The am- 
monia formed by the putrefaction of substances containing nitrogen, is the 
result of the combination of hydrogen and nitrogen, as they are liberated 
from the organic solid or liquid. When sulphide of iron is treated with 
diluted sulphuric acid, the nascent hydrogen resulting from the decom- 
position of water, instantly seizes upon the sulphur of the sulphide, to form 
sulphuretted hydrogen. When the. same acid is poured upon zinc, containing 
arsenic, or when the zinc and acid are added to an arsenical liquid, the nascent 
hydrogen instantly combines with the arsenic to form arsenuretted hydrogen. 
The affinity of hydrogen in the act of liberation from water is so exalted, 
that it will combine with and carry over minute traces of carbon, sulphur, 
phosphorus, selenium, silicon, arsenic, iron, zinc, and other substances, 
although in the state of free gas it has no tendency whatever to combine v/ith 
them. The production of silicide of hydrogen, as well as of the tartaric, acetic, 
oxalic and other ethers, depends on the influence of the nascent state in effect- 
ing the combination of bodies. 

Whctt is a Chemical Compound'? — The answer to this question is involved 
in the inquiry — How may a chemical compound be distinguished from a me- 
chanical mixture ? In gun-cotton (pyroxyline) and gunpowder we liave 
illustrations of the two states. Gun-cotton is a chemical compound of the 
organic substance (cotton) as a base with the elements of nitrous or hypo- 
nitric acid (NO4). The constituents cannot be separated without an entire 
destruction of the substance. Gunpowder is a mechanical mixture of char- 
coal, sulphur, and nitre, in certain proportions, the two last being easily sepa- 
rable from each other and from the charcoal, by appropriate solvents. Tlie 
chemical force is only brought into operation among these ingredients by 
heat ; while in gun-cotton this force already binds together the nitrous acid 
and the cotton, and heat merely produces a new series of combinations. 

In spite of these broad distinctions, there are some cases of the union of 
substances, of so doubtful a character, that chemists are not agreed upon 
the nature of the force which binds them together. Gelatinous alumina, 
shaken with solution of cochineal, removes the color and is precipitated with 
it. Charcoal'in the same way removes the color of indigo, litmus, cochineal, 
and of other* vegetable and animal substances. It will also remove the blue 
color of iodide of starch, and the red color of permanganate of potash, which are 
chemical compounds. This is commonly described as a surface action or an 
attraction between surfaces, as the properties of the bodies undergo no change. 

When caoutchouc is combined with sulphur at a temperature of about 
300°, a compound known as vulcanized rubber is produced. The properties 
of this substance are different from those of its constituents. Thus after 
vulcanization the rubber is altered in color ; its elasticity is remarkably in- 
creased ; it does not melt even at the boiling point of mercury, and it does 
not become stiff* in the cold. It is also quite insoluble in all the liquids which 
dissolve rubber. Here then is a change of properties sufficient to justify a 
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chemist in regarding this as a chemical compound of its two constituents. 
On the other hand, the two substances do not combine in definite propor- 
tions : the sulphur may be in the proportion of from 10 to 16 per cent., and 
it may be removed from the rubber, after incorporation, by the usual sol- 
vents, without materially affecting its properties. These conditions are 
adverse to the hypothesis of a chemical union, and the result is, that such a 
compound can be expressed by no chemical formula. Again, in the phe- 
nomena of solution or diffusion, as of hydrated sulphuric acid, or of anhy- 
drous alcohol in water, we have evolution of heat and a great alteration of 
volume. Is this a chemical union of the liquids with the water, or is it not? 
The phenomena accompanying the mixture point to something more than a 
mechanical force ; but there is no change of properties, and there is no evi- 
dence of union in definite proportions. This subject is, however, of sufficient 
importance in a chemical point of view to receive a separate examination. 

Solution.-— The solution of solids in liquids, whether the solvent be water, 
alcohol, ether, benzole, chloroform, or mercury, has been assigned by some 
chemists to a species of affinity, and by others to a physical effect of adhe- 
sion. By solution we are simply to understand a combination of a solid 
with a liquid, in which the 'solid itself assumes a liquid form. There is no 
change of properties, and here the great feature of chemical affinity is want- 
ing :— thus common salt dissolved in water possesses all its usual characters. 
This observation applies equally to the solutions of other salts, as well as to 
solutions of acids and alkalies. The best solvents are generally those liquids 
which are similar in properties to the solid. Benzole and oil of turpentine 
readily dissolve caoutchouc and other solid hydrocarbons ; oils dissolve fats; 
mercury dissolves metals; alcohol dissolves resins; and water, itself a neu- 
tral oxide, dissolves neutral salts and neutral compounds, such as gum, sugar, 
&c. Water is the great solvent for chemical purposes, and it is by the use 
of this liquid that most chemical changes are produced among solids; it 
breaks up the cohesion of solids more effectually than pulverization, and 
thus brings their particles within the sphere of each other's attraction. 

Solution is only influenced by gravitation, when the solid salt is allowed 
to remain at the bottom of the water. The lower stratum of liquid then 
contains a much larger quantity of the salt than the upper portion ; but after 
a time it will spread by diffusion, varying in degree with the nature of the 
salt. For this reason, solution is always best effected by suspending the 
solid substance in the upper stratum of liquid. . When the salt is once dis- 
solved and equally diffused throughout the liquid by agitation, gravitation 
is not found to affect it. Thus, although corrosive sublimate has a specific 
gravity six times greater than water, yet a solution of it, preserved for many 
years in a long tube, was not found to contain any more of this salt in the 
lower than in the upper stratum. 

Each substance has its own specific solubility which varies with tempera- 
ture. As a general rule heat increases the solubility of solids in water, but 
there are some exceptions. Thus lime, citrate of lime, sulphate of lime, and 
sulphate of soda, are less soluble at the point than at lower temperatures ; 
while chloride of sodium is equally soluble at a high and low temperature. 
Solution is sometimes attended with great loss of heat by reason of the salt 
rapidly passing from the solid to the liquid state. Some of the cheapest 
freezing mixtures, in the absence of ice, are based upon this property. Thus 
one part of crystallized nitrate of ammonia, dissolved in one part of water 
causes the thermometer to fall from 50*^ to 4°; and five parts of sal ammo- 
niac with five parts of nitre, dissolved in sixteen parts of water, are nearly 
equally effective. These are anhydrous salts, so that the result is the direct 
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effect of solution, and it appears to point rather to chemical combination 
than mechanical adhesion. Another fact observed by Playfair and Joule is, 
that salts containing water of crystallization, when dissolved in water, add 
no more bulk to the water than is equivalent to the water of crystallization 
(calculated as ice) with which their atoms are chemically combined. Thus, 
when alum is dissolved in water, the increase of volume in the solution is 
not in proportion to the bulk of alum used, but to the bulk of combined 
water as ice (24 equivalents), contained in it. The atoms of alum have 
therefore disappeared, or been received v?ithin the interstices of the atoms 
of water; at any rate they occupy no appreciable space. If these results 
are confirmed, it will show that the hypothesis of mechanical adhesion of a 
liquefied solid to a liquid is not in all cases sufficient to explain the pheno- 
Tnena of solution. The effect of heat in increasing or diminishing solubility, 
the fixed limit of solubility for different salts, and the decrease or increase 
occasionally observed in the volume^of the solvent, as well as the singular 
fact observed by Dr. Gladstone {Proc, R. S., vol. 9, p. 69), namely, the 
absorptive power on light exhibited by strong solutions of salts, are adverse 
to the hypothesis of a mere adhesion of atoms. 

When a liquid will dissolve no more of a solid, it is said to be saturated ; 
in other words, its adhesion or affinity for the solid is exhausted. It is a 
curious fact, however, that water which is saturated with one salt has still 
the property of dissolving a second and a third salt. Crystals of nitre may 
be thus freed from impurities, such as chloride of sodium, by washing them 
with a saturated solution of nitre. A saturated solution of a salt exerts a 
powerful attraction on water. If a saturated solution of sulphate of copper 
is inclosed in a funnel tube, secured at the larger end by bladder, and the 
tube is plunged in a vessel containing water, so that the liquids inside and 
outside are on a level, in the course of some hours it will be found that 
although some of the copper-salt has passed out through the pores of the 
bladder, a much larger proportion of water has passed in. Solutions of com- 
mon salt, sugar, and other substances, present this phenomenon, to which 
the term endosmosis (hbov within and tu0fco to push) has been applied. The 
diffusion of liquids or their relative tendency to mix on contact has been 
fully examined by Mr. Graham (Quart. Jour. Ghem. Soc, vol. 3, p. 60); and 
the effect of porous membranes in allowing liquids or dissolved solids to tra- 
verse them, has also been made the subject of experiment by the same 
chemist. Mineral substances, such as arsenic, may thus be separated from 
organic matter. He has called this process dialysis. (Proc. P. S., 1861, 
vol. 11, p. 243.) . _ 

The dissolved solid may be separated from the solvent by the addition of 
another liquid. Camphor is separated from its solution in alcohol by adding 
water — gum from its solution in water by the addition of alcohol — soap 
from water by chloride of sodium, and corrosive sublimate and chloride of 
gold from water by ether. In the latter case, the metallic salt changes its 
solvent, and the compound of mercury or gold is found dissolved in the ether 
as chloride. 

When liquids mix together, they are said to combine by diffusion, accord- 
ing to various circumstances. Alcohol and water readily combine with 
evolution of heat and contraction of volume. If 54 parts, by measure, of 
alcohol, are mixed with 50 of water, the reduction in volume on cooling, is 
equal to four per cent. (MitsclierUch.) This cannot be regarded as the mere 
result of adhesion or any mechanical force, but rather of chemical union, 
although the properties of the mixture have undergone no change. If the 
alcohol be poured carefully on the water in a long tube, and a piece of white 
wax dropped through the spirit, to indicate, by floating, the exact level of 
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the water, many months may elapse without the position of the wax under- 
going a change, and therefore without combination of the two liquids. This 
depends on the smallness of the area of contact, and the great difference in 
the specific gravity of the two liquids. Water will dissolve or combine with 
alcohol in all proportions, but with ether there is a fixed limit: of this liquid 
it cannot hold dissolved more than ten per cent, by volume. When water 
is added to a mixture of ether and alcohol, the alcohol is entirely dissolved, 
but the surplas ether is separated, and floats on the top of the liquid. Chlo- 
roform is soluble in alcohol, but only to a limited extent in water ; hence^ 
for the same reason, water separates it from alcohol. 

Some substances appear to be held in water by a kind of suspension resem- 
bling solution. Thus starch forms an opaque liquid; gelatin, gelose, and 
certain silicates as well as silicic acid itself, are similarly suspended without 
having formed a perfect combination with the water as a solvent. They 
appear to constitute hydrates of the respective substances with a large sur- 
plus of water. For all practical purposes in chemistry they are regarded 
and treated as solutions, although the substances may be ultimately deposited 
in an insoluble form. When a chemical change takes place on the mJxture 
of a liquid and solid, as on the addition of nitric acid to copper or silver, 
the term solution is no longer appropriate ; the liquid is decomposed, and a 
new compound results. 

Solutions of metals in mercury are called Amalgams. Some metals are 
more soluble in this liquid than others ; thus gold, silver, tin, and bismuth 
are rapidly dissolved, while iron, and copper (in its ordinary state), are not 
affected. Although treated as solution, or the simple adhesion of metal to 
mercury, as of salt to water, there is every reason to believe that there is a 
chemical union of the mercury 'with the metal in definite proportions, and 
that this compound is dissolved in the large proportion of mercury which 
forms a liquid amalgam. Tin and silver combine with small proportions of 
mercury to form crystalline compounds. If a large quantity of mercury is 
employed, both tin and silver disappear as by solution ; but when a smaller 
proportion is used a soft amalgam is formed, which gradually becomes hard 
by crystallization. The force which holds the tin to the mercury cannot be 
considered the same as that which holds the amalgam of tin and mercury to 
a surface of glass. The solution of metals in mercury is sometimes attended 
with the production of heat and cold, as well as with a change of state. If 
equal parts of sodium and potassium are well mixed by pressure under naph- 
tha, and a globule of mercury is poured on the soft alloy, there is instant 
chemical union with an evolution of heat and flame, and the production of a 
solid amalgam. Melt together 20t parts of lead, 118 of tin, and 284 of bis- 
muth. These form, when cold, a brittle alloy. When this is reduced to a 
fine powder, and mixed with 1617 parts of mercury, at a temperature of 60^, 
the thermometer falls to 14^. This is owing to the rapid conversion of the 
solid metals to the liquid state, and the absorption of heat from surrounding- 
bodies. It resembles, in effect, the solution of crystallized nitrate of ammo- 
nia in water. Mercury, under certain conditions, dissolves the gases hydro- 
gen and nitrogen in the proportions of one equivalent of nitrogen to four of 
hydrogen. It then becomes semi-solid, and assumes a crystalline condition, 
like that which it acquires in combining with a large quantity of tin or silver. 
The union is only of a temporary nature. 

, Most solids and liquids manifest a tendency to enter into union or combi- 
nation. There is, however, one substance which shows a remarkable 
indifference to combination of any kind, and from this indifference it has 
received the name of paraffine {parum affinis). 

Proofs of Chemical Change, — We generally look for certain visible results 
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as evidence of the chemical union' or separation of substances ; but the 
chemical force may have acted without causing visible changes ; and on the 
other hand the condition of allotropj (see page 30) in elements and com- 
pounds, shows us that such changes may take place without reference to the 
chemical force. Photographic chemistry furnishes a remarkable instance of 
the operation of chemical affinity, without any apparent physical alteration 
in the condition of the compound. A dried film of pure iodide of silver on 
glass, after it has received an impression from light, will retain its surface 
unaltered for many hours, or even days ; we should not be able to distinguish 
the exposed from the unexposed film ; but if the exposed surface is washed 
with a weak solution of pyrogallic acid or sulphate of iron, the silver is 
reduced and blackened only in the parts which have received the luminous 
impression, and in a degree precisely proportioned to the intensity wath 
which the impression has been made. There is perhaps nothing so wonder- 
ful in the whole range gf chemistry as the fact of thus revealing a dormant 
image which has been produced without any apparent physical change in the 
iodide of silver by the chemical rays of the spectrum. As a general rule, we 
cannot trust to our senses as furnishing evidence of the chemical force being 
brought into operation. We can only arrive at a knowledge of this fact by 
a process well-known under the name of analysis (dva %vui to separate), by 
which we separate the component parts of a body. This may be either 
qualitative f to determine the nature, or quantitative, to determine the pro- 
portions, of the ingredients. Our analytical results may be confirmed by 
synthesis (avv iiQrujLi to put together), i. e., by reconstructing the substance 
from its constituent parts. The latter process is not always available, and it 
is not indispensable to a correct view of the constitution of a body. It is 
sufficient if we examine the products of chemical combination, and compare 
their weights and chemical properties with those of their constituents. The 
following experiment will serve as an illustration of the processes of analysis 
and synthesis. Place in two Florence flasks some powdered chloride of 
ammonium. Mix the chloride of one flask with its bulk of dry lime, and 
apply a spirit-lamp to the mixture. Ammonia, as a gas, will escape. Now 
add to the chloride in the other flask sufficient sulphuric acid to moisten the 
powder. Fumes of hydrochloric acid immediately escape. On bringing 
near to each other the mouths of the flasks, the gases immediately combine 
to reproduce, by synthesis in the air the chloride of ammonium which had 
undergone aiialysis, or been resolved into its constituents in the two flasks. 
ISingle Affinity. — The chemical force is usually studied under the heads of 
single and double affinity ; and all analytical processes are dependent upon a 
knowledge of the laws which govern these operations. In single affinity— 
of three substances present, one is found to combine with another in 
preference to a third. Let us assume that the three substances are the base 
baryta in solution and two acids — i. e., the sulphuric and nitric acids diluted 
-with water. On adding the solution of baryta to diluted nitric acid, there is 
no visible change ; the base enters into a soluble combination with the acid, 
forming nitrate of baryta. When the baryta is added to sulphuric acid, a 
white insoluble precipitate appears (sulphate of baryta). Both the acids 
therefore combine with the base, the one to form a soluble, and the other an 
insoluble salt. If we now wish to discover which of the acids has the 
stronger affinity for the base, we add sulphuric acid to the solution of nitrate 
of baryta, and an insoluble sulphate of baryta immediately appears- — the 
nitric acid being set free. If we treat the precipitated sulphate of baryta 
with nitric acid, it will undergo no change. A minute quantity of the pre- 
cipitate may be dissolved, but the sulphuric acid still remains, combined with 
the baryta. The only conclusion to be drawn from these facts, is, that 
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sulphuric acid has a stronger affinity for baryta than nitric acid, and that it 
will take that base to the entire exclusion and separation of the nitric acid. 
Asa kind of choice is thus manifested, this has also received the name of 
elective affinity. The change is represented by the following equation, 
BaO,NO,-l-Sd3-=BaO,S03+N03. 

The term precipitate has here been employed to indicate chemical change, 
and it is desirable to define the proper meaning of a term which so frequently 
occurs in chemical language. It is applied by chemists to signify that 
condition in which a substance dissolved in a liquid, is thrown down in a 
solid form as the result of chemical change or decomposition. If the substance 
is not dissolved, but diffused mechanically through the water, its falling to 
the bottom is not true precipitation but subsidence, or the mere effect of its 
greater specific gravity. 

Precipitation always implies that the compound formed is less soluble in 
the liquid than the substance which produces it. Sulphuric acid added to 
lime-water produces no precipitate, because sulphate of lime is more soluble 
than lime. If carbonic acid is employed, there is an immediate precipitate, 
the carbonate of lime being much less soluble than lime. Precipitation may 
occur rapidly or slowly, according to the solubility of the precipitate. It 
may take place as the result of natural causes : thus in petrifying springs, 
which owe their properties to carbonate of lime, dissolved by carbonic acid 
in the water, a precipitate of carbonate of lime takes place in the form of 
stalactite, owing to the escape of carbonic acid. The Geyser water in Iceland 
deposits silicic acid, and all chalybeate waters produce, on exposure to air, 
ochreous deposits of hydrated peroxide of iron, under similar circumstances. 
The quantity of water present, influences the production of a precipitate. A 
diluted solution of a salt of lime is not precipitated by sulphuric acid, while 
an equally diluted solution of a salt of baryta is precipitated, the difference 
depending on the relative insolubility of the sulphates. The great insolu- 
bility of chloride of silver, renders it easy to detect the minutest traces either 
of hydrochloric acid or silver. According to Mitscherlich, one part of hy- 
drochloric acid diffused through 113 million parts of water, is rendered visible, 
as a white cloud, by the addition of a salt of silver. 

The order of affinity of sulphuric acid for bases, may be guLPHUKic acid. 

thus easily determined by experiment ; and upon this prin- , . 

ciple, tables of affinity have been constructed, in which the Baryta, 
substance whose affinities are to be represented is placed at Strontia. 
the head of a column, and the bodies With which it combines Potassa. 
beneath it, in the order of their respective attractions; thus Lime' 
the affinity of sulphuric acid for several bases is shown in the Magnesia, 
table. Prom this it would appear that haryta separates sul- Ammonia, 
phuric acid from its compounds with all the substances below 
it, and that ammonia is separated by all those which are above it. It will 
be found, however, by experiment, that if a solution of ammonia'is added to 
a solution of sulphate of magnesia, there is a precipitate of magnesia. If, on 
the other hand, magnesia is boiled in a solution of sulphate of ammonia, the 
magnesia combines w^ith the sulphuric acid, and ammonia is evolved as a gas. 
Hence the table rather shows the order of decomposition under one set of 
circumstances. The relative affinity of the acid for magnesia or ammonia 
will depend on the temperature of the mixture. If we take the base soda, 
and examine the affinity manifested by it to the three acids — namely, the 
boracic, sulphuric, and hydrochloric — we find that this becomes also a 
question of temperature. 
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Soda at 60°. Soda at a Red Heat. 

Sulphuric. Boraoic. 

Hydrochloric. Sulphuric. 

Boracic. Hydrochloric. 

The result depends on the relative fixedness and solubility of the acid at 
the temperature to which the mixture is exposed. If sulphuric or hydro- 
chloric acid is boiled with borate of soda — on cooling the liquid, the boracic 
acid is precipitated by reason of its insolubility in water at a low tempera- 
ture; and sulphate of soda or chloride of sodium remains dissolved. If, 
however, the precipitated acid be mixed with the solid sulphate, or chloride 
obtained by evaporation, and the mixture is submitted to a full red heat, 
borate of soda is reformed, and the more volatile sulphuric and hydrochloric 
acids are entirely expelled. The fixedness of boracic acid at a high temper- 
ature here causes a reversal of the order of combination. 

These tables are of great use in analysis, inasmuch as, the exceptional cases 
are not numerous, and are easily remembered. They may be made applicable 
to elements as well as compounds. We here give a table representing the 
order of affinity of lime for four common acids ; also for some of the combi- 
nations of hydrogen with non-metallic bodies, and of nitric acid and oxygen 
(NOg) for various metals ; — 

Lime in solution at 600, Hydrogen. Niteio Acid and Oxygen. 

Oxalic. Chlorine. Zinc. 

Sulphuric. Bromine. Copper. 

Acetic. Iodine. Mercury. 

Carbonic. Sulphur. Silver. 

The results thus arrived at are often susceptible of important practical 
applications. The liquid in which a salt is dissolved may cause a reversal 
of the order of affinity. Thus, if to a strong solution of carbonate of potassa 
in ivater, we add acetic acid, carbonic acid is expelled, and acetate of potassa 
is formed and dissolved (K0,C0s+Ac=K0,Ac-fC02 in water). If, how- 
ever, we pass a current of carbonic acid gas for some time into a saturated 
solution of acetate of potassa in alcohol^ the gaseous displaces the liquid acid, 
and carbonate of potassa is reproduced (K0,!A.c + C03=K0,C02-f Ac in 
alcohol). The insolubility of the alkaline carbonate in alcohol, and its im- 
mediate removal by precipitation, appear to explain this change in the order 
of affinity. If water is added to the alcoholic liquid, the precipitated car- 
bonate is redissolved. 

Oxide of lead combines readily with carbonic and acetic acids, forming a 
carbonate and an acetate of lead. If acetic acid is added to carbonate of 
lead, the carbonic acid is displaced, and acetate of lead is formed ; but if a 
■solution of acetate of lead is exposed to an atmosphere containing carbonic 
acid, carbonate of lead is formed and the acetic acid is expelled. The manu- 
facture of white lead (carbonate of lead) depends upon this reversal of affinity. 
The metal is exposed to the fumes of acetic acid, and the formation of an 
acetate is the first step in the production of a carbonate. 

This fact appears to support the view of those who believe that chemical 
affinity betv/een substances is to some extent governed by the relative pro- 
portion or mass of the displacing agent. The changes which chloride of 
silver undergoes by exposure to light, also tend to corroborate this opinion. 
When not absolutely dry, chloride of silver, which is of snow-white appear- 
rance, is darkened by exposure to light. In fact it is superficially converted 
to suiochloride (2AgCl— AggCl + Cl). The quantity of chlorine thus set 
free is small. Rose found, by using a delicate balance, that there was no 
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difference in weight between the white and dark chloride. Chlorine water 
added to the dark chloride renders it again white. 

Decomposition by single affinity may take place, although it is not mani- 
fested by the precipitation of a solid or the visible escape of gaseous matter. 
If we boil gold-leaf with some crystals of nitre dissolved in water, there is 
no change ; if we boil the gold in pure hydrochloric acid, there is no 
change; but if the two are mixed the gold is immediately dissolved. The 
solution of the gold proves that chlorine has been evolved. This could only 
proceed from the decomposition of a part of the hydrochloric acid by the 
nitrate of potash. Under ordinary circumstances a watery solution of nitre 
may be mixed with hydrochloric acid without any perceptible decomposition 
of either body. 

An interposed animal membrane does not prevent the manifestation of this 
force. If a tube containing a weak acid solution of acetate of lead is well 
secured at the mouth with a piece of bladder, and the outer surface of the 
bladder is then placed downwards on a clean surface of metallic zinc, — in 
the course of a short time crystals of lead will be deposited on the bladder 
inside the tube ; and the solution will contain acetate of zinc, a fact which 
proves that the zinc has traversed the bladder either as oxide or metal, and 
has displaced an equivalent proportion of lead in the solution. This is 
effected by a capillary exosmosis of a part of the solution of acetate of lead, 
and its simultaneous conversion into acetate of zinc. 

Predisposing Affmity.'-Ai zinc is covered with hydrochloric acid it dis- 
places the hydrogen, which escapes, and chloride of zinc is formed; if covered 
with water, this liquid is not decomposed until an acid is added, when hy- 
drogen immediately escapes, and an oxysalt of zinc is produced and dis- 
solved. This has been called predisposing ctffmity, but it should rather be 
regarded as concurrent affinity. Two affinities are here brought into play : 
there is the affinity of zinc for oxygen, and of the acid for oxide of zinc, and 
these are sufficient to decompose the water. This principle is the basis of 
many chemical operations. In the manufacture of aluminum, carbon as 
charcoal cannot alone remove the oxygen from alumina (the oxide of alumi- 
num); but if chlorine is passed over a mixture of alumina and charcoal 
heated to a high temperature, the carbon readily takes the oxygen, and the 
chlorine now combines with the aluminum. Platinum cannot be made to 
unite to oxygen directly ; but, if caustic potash is fused on the metal, this 
is oxidized and destroyed by reason of the tendency of the alkali to combine 
with oxide of platinum. 

Double Affinity. — In double affinity there is a reciprocal interchange of 
elements, or, in reference to salts, of acids and bases, so that two new com- 
pounds are produced. One of the simplest cases is seen on the admixture 
of hydrochloric acid and a solution of soda. Chloride of sodium and water 
result (Na04-HCl=NaCl + H0). Among numerous instances which may 
be taken from the class of salts, there is the reaction of sulphate of potash 
on nitrate of baryta, by which sulphate of baryta and nitrate of potash are 
produced (K0,SO3 + Ba0,NO5=EaO,SO3+KO,NO5). In this case o?2e inso- 
luble salt only is formed^and precipitated; but two soluble salts maybe 
changed into two perfectly insoluble compounds., as in adding a solution of 
sulphate of silver to chloride of barium (both soluble) when sulphate of 
baryta and chloride of silver (both insoluble) result. Thus AgOjSOg+Ba 
Cl=BaOjS03+AgCl. This decomposition forms one of the steps in the 
production of pure peroxide of hydrogen. Double affinity generally furnishes 
to the chemist a more perfect method of decomposition than single affinity. 
Thus oxalate of ammonia more effectually precipitates lime than oxalic acid. 
A solution of arsenious acid does not readily decompose solutions of sul- 
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phate of copper or nitrate of silver; but if the acid is combined with a small 
quantity of alkali (ammonia), the precipitation of insoluble arsenites of the 
metals by double affinity is immediate and complete. 

In general it may be inferred that two salts will decompose each other, 
when, by interchange, an insoluble compound or precipitate can result. 
Solubility, hovyever, is a purely relative term, and precipitation must there- 
fore often depend on the quantity of water present in the saline solutions. 
Nitrate of baryta gives a dense white precipitate with a solution of borate 
of soda, provided the two solutions are concentrated. If much water is 
present, there will be no precipitation on mixture ; a fact also proved by the 
re-dissolution of the precipitate on adding a quantity of water. Sulphate 
of soda will precipitate a salt of lime, and chloride of platinum a salt of 
potassa, provided the respective solutions are concentrated ; but if much 
diluted, there will be no precipitate. The platino-chloride of potassium, 
although precipitated from potassa or its salts, by a solution of chloride of 
platinum, is sufficiently soluble in boiling water to" precipitate from their 
solutions the salts of rubidium and caesium, the platino-chlorides of which 
metals are far less soluble than the corresponding salt of potassium. This, 
in fact, is the only available method of separating the salts of the two new 
metals from the salts of potassium. While the degree of dilution always 
affects the production of a precipitate, it sometimes so completel;^ changes 
its character that it might be fairly inferred that two different compounds 
were under examination. Thus if nitrate of silver is added to a concentrated 
solution of borate of soda, a white borate of silver is precipitated : if the 
solution of borate is much diluted, nitrate of silver gives a brown precipitate 
resembling oxide of silver. Sulphocyanide of potassium produces, in a con- 
centrated solution of a salt of copper, a black precipitate of sulphocyanide, 
which slowly becomes gray and white ; in a moderately diluted solution a 
gray precipitate is thrown down, and in a very diluted solution a white pre- 
cipitate of sub-sulphocyanide is slowly formed. 

Precipitates are sometimes readily dissolved by the precipitant : thus the 
scarlet iodide of mercury is easily dissolved by a solution of iodide of potas- 
sium. Thi^ renders it necessary to employ tests with caution, or the pre- 
sence of a substance may be overlooked. When the double decomposition 
of two salts does not take place in the cold, it may be brought about by 
heating the mixture. 

Double affinity is liable to be modified by all the causes which affect single 
affinity. If a mixture of dry chloride of sodium and sulphate of ammonia 
is heated, chloride of ammonium is sublimed, and sulphate of soda remains. 
This is one method of manufacturing sal ammoniac from the ammoniacal 
liquor of gasworks. When the two salts are intimately mixed with a small 
quantity of water the temperature rises, and the mass rapidly dries. There 
is a double decomposition, and the sulphate of soda produced absorbs w^ater 
of crystallization. Each of the salts alone lowers the temperature during 
the act of solution {Ghem. News, Sept. 15, 1860.) But when powdered 
sulphate of soda is well mixed with chloride of ammonium at 60^, there is 
a reversal of the affinities, — anhydrous sulphate of ammonia and common 
salt are produced, while the water of crystallization of the soda-sulphate is 
set free, the mass acquiring a liquid consistency. (See page 33.) When 
solutions of these two salts are mixed, there is, according to Schiff, an increase 
of volume owing to the setting free of water of crystallization. 

Salts having the same acid or base do not precipitate each other. Thus a 
solution of sulphate of lime does not decompose sulphate of soda or chloride 
of calcium. On this principle, the last mentioned salt is employed to 
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determine whether the alkalinity of river-water depends on the presence of 
the carbonate of potassa or soda,- or of the bicarbonate of lime. In the 
former case, it gives a precipitate ; in the latter none. 

But double affinity may be exerted between two salts in cases in which 
there is no visible change or decomposition. When a solution of nitrate of 
soda is mixed with chloride of potassium, and this mixture is boiled, chloride 
of sodium, or common salt, is separated, because it is the least soluble of the 
salts at a boiling temperature, and therefore requires the largest amount of 
water to hold it in solution. (See page 29.) If the saturated solutions of 
the two salts are kept at a low temperature, nitrate of potassa crystallizes 
out of the liquid. In either case there is an interchange of acid and base 
dependent on the relative solubility of the salts at a given temperature 
(NaO,NO3 + KCl=Na01-}~KO,ISr05). The process above mentioned, has 
been employed in Prussia for the manufacture of nitre. The manufacture of 
sulphate of magnesia from sea-water is dependent on a similar decomposition. 
Sulphate of soda added to a solution of chloride of magnesium or bittern, 
produces no visible change ; but when boiled, the compounds are resolved 
into chloride of sodium and sulphate of magnesia. The former is separated by 
evaporation of the liquid at the boiling-point, the latter by allowing the cold 
saturated solution to deposit crystals (iS^aOjSOg + MgCl^ISraCl-hMgOjSO^). 

The production of a color on the admixture of colorless solutions of salts 
is evidence of at least a partial interchange of acids and bases. A very 
diluted solution of ferrocyanide of potassium added to extremely diluted 
solutions of sulphate of copper or persulphate of iron, produces in the one 
case a red, and in the other a blue color in the liquid. These results furnish 
chemical proofs that the ferrocyanogen of the potassium-salt has, at least in 
part, united to the metals of the copper and iron salts. Sulphocyanide of 
potassium may be substituted for the ferrocyanide in reference to iron ; and 
in this case a blood-red color, but no precipitate, results. Berzelius long 
since devised an ingenious experiment by which the interchange of acid and 
base in two salts was clearly proved by the peculiar color acquired on mixture. 
Of the diluted solutions of the salts of copper, the nitrate and sulphate remain 
blue when boiled ; but the diluted chloride, which is blue at 60*^, acquires a 
bright green color at 212*^. This change of color is therefore a distinguishing 
test among these salts, of the presence of chloride of copper in a diluted 
state. A solution of chloride of sodium is colorless and remains so at all 
temperatures. When a diluted solution of nitrate of copper is added to a 
diluted solution of chloride of sodium and the mixture is heated, it acquires 
a bright green color, thus proving that some portion at least of the nitrate 
of copper, must have been converted to chloride of copper, and therefore 
that an interchange of acids and bases must have taken place. If the two 
solutions are highly concentrated, the interchange takes place at 60^, since 
the mixture in the cold has a greenish color—the color of the chloride of 
copper when in a more concentrated form. 

We have hitherto treated the saline compounds as if both were soluble in 
water ; but cases of double affinity are witnessed, in which one salt is soluble 
and the other is insoluble. If. insoluble sulphate of baryta or oxalate of 
lime is boiled in distilled water with soluble carbonate of potassa for a short 
time, and the respective liquids are filtered — it will be found that a partial 
interchange of acids and bases has taken place, and while the filtrates (the 
filtered liquids) will icontain two soluble salts (the carbonate of potassa 
associated either with the sulphate or oxalate of potassa), the white residues 
on the filters will contain, besides sulphate of baryta and oxalate of lime, 
the insoluble carbonates of baryta and lime. Four salts are in each case 
produced, as represented in the following equation, in which the decomposi- 
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tion is given only for the sulphate of baryta, 2BaO,S03 + 2KO,C03= 
KO,S03 + KO,C02andBaO,S03+BaO,CO,. This mode of decomposition is 

V ^ . — ; V . y ; 

Soluble. " Insoluble. 

sometimes resorted to, in order to render an insoluble compound sufficiently 
soluble for the purpose of testing. The siiicification of chalk or soft lime- 
stone is based on this principle. The mineral is soaked in water-glass, or a 
solution of silicate of potash or soda, and it is afterwards exposed to the air ; 
silicate of lime and bicarbonate of potassa result. The surface of the chalk 
is thus hardened and rendered impermeable to water. It is probable that 
the presence of Epsom salt, or sulphate of magnesia, in spring waters in 
certain districts, is dependent on a natural reaction of this kind* Water 
containing sulphate of lime flowing over a bed of magnesian rock (carbonate 
of magnesia) becomes impregnated with sulphate of magnesia, a portion of 
the lime being exchanged for this base. If carbonate of magnesia is 
agitated with a solution of sulphate of lime, sulphate of magnesia will soon 
be found in the filtered liquid, by appropriate tests. 

Double affinity is not prevented by the interposition of animal membrane. 
If the mouth of a tube containing sulphate of soda is well secured with 
bladder, and inverted in a vessel containing a solution of nitrate of baryta — 
or if the nitrate of baryta be secured in a tube, and the soda-sulphate is 
placed in an open vessel, double decomposition is observed to take place. 
In performing this experiment many times, however, we have noticed that 
the white precipitate of sulphate of baryta has been formed in the tube 
containing the nitrate, and not in that containing the sulphate of soda. 

Catalysis (from xata downwards, and -Kva to loosqn) is a term which was 
first employed by Berzelius, to explain those cases in which two or more 
bodies are combined by the presence of a substance which itself takes no 
share in the chemical changes. A body is thus supposed to resolve others 
into new compounds merely by contact, without gaining or losing anything 
itself. When a mixture of oxygen and hydrogen is exposed to the action of 
spongy platinum, the gases combine to form water ; when alcohol is dropped 
on platinum-black under exposure to air, the alcohol is oxidized and con- 
verted into acetic acid ; when a ball of spongy platinum, made red hot, is 
placed on a mass of camphor, it continues to glow, and causes a slow 
combustion of the camphor ; when a ball of platinum is made white hot and 
plunged into water, it causes the separation of the constituent gases oxygen 
and hydrogen ; and lastly, when fine platinum wire is heated red hot, and 
exposed to a mixture of coal-gas and air, it continues to glow, and leads to 
a slow combustion of the gas. In these cases the platinum has produced 
combination as well as decomposition, but it has undergone no change. We 
have witnessed a similar effect with charcoal, placed in a mixture of oxygen 
and sulphuretted hydrogen. The gases were combined with explosion, but 
the charcoal underwent no change. The power of charcoal to absorb and 
remove foul effluvia, by leading to their oxidation, may be regarded as a 
similar phenomenon ; but all these are simple cases of the absorption and 
condensation of gases by the platinum and charcoal, and are not referable to 
any new force or to any occult effect of cont-act or presence. 

Sulphur, it has been already stated (p. 44), will unite at a high tempera- 
ture to India-rubber, and will then produce in it the effects indicated by the 
term vulcanization — ^. e., change of color, infusibility, great increase of 
elasticity, and a resistance to heat and cold. The vulcanized rubber when 
boiled in a solution of sulphite of potash is desulphured ; it reacquires its 
usual appearance, but it still retains the properties which the sulphur 
imparted to it. This has been ascribed to a catalytic action, for the sulphur 
itself has undergone no change. 
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The production of anhydrous chloride of magnesium, according to Mits- 
cherlich, turns upon a similar state of circumstances. If hydrochloric acid 
is saturated with hydrate of magnesia, and the liquid is concentrated and 
cooled, large crystals of chloride of magnesium combined with water are 
obtained. If these crystals are heated, like those of other chlorides, in order 
to expel the water, the hydrochloric acid escapes and magnesia remains. 
If, however, equal weights of hydrochloric acid are saturated with magnesia 
and ammonia, and the two solutions are mixed and evaporated to dryness, 
the residue, when heated to fusion in a platinum crucible, consists entirely 
of anhydrous chloride of magnesium ; the whole of the chloride of ammonium 
having been expelled. Here chloride of ammonium causes a fixed combina- 
tion of the elements, apparently by a catalytic force. 

Catalytic results are obtained with compounds as well as with simple 
substances. The production of oxygen at a low temperature, from a mixture 
of peroxide of manganese, or of iron with chlorate of potash, has been 
referred to an action by catalysis or presence. The facts, however, admit of 
another explanation. — {See Ozone.) The decomposition of peroxide of 
hydrogen by contact with a variety of metals and oxides, was generally 
explained by reference to catalysis, until the recent views of Schonbein had 
been made public. 

The term catalysis has been applied by some chemists to changes wrought 
by a substance which itself undergoes a change during the process, although 
it ultimately passes to its original condition. Finely powdered hydrated 
peroxide of iron, when heated on metallic-gauze, and placed over a capsule 
containing ether, alcohol, or pyroxylic spirit, was found by Mr. Ashby to 
cause the oxidation of these liquids, and to maintain slow combustion for 
several hours, over a surface of 120 square inches. {Proc. R. S., vol. T, p. 
824.) The compound was as effectual in this respect as platinum itself. 
The cause of the phenomenon, however, was found by him to depend on the 
conversion of the peroxide into the magnetic oxide of iron, and the recon- 
version of this into peroxide by absorbing oxygen from the air. He found 
that an old nail entirely transmuted to rust, would produce the same effect ; 
and he has suggested that from this cause, cases of spontaneous combustion 
may arise as a result of the escape of inflammable vapors in the vicinity of 
masses of rusty iron. 

The hydrated peroxide of iron is extensively used for the purification of 
coal-gas from sulphide of hydrogen. The iron is converted into sulphide by 
the absorption of this gas, and water is produced. On exposure to air the 
sulphide of iron is reconverted into oxide, and may be used for many months 
for the purpose of purification. These effects produced by the oxide of iron 
are, however, intelligible on common chemical principles. 

There are many changes in organic compounds which have been referred 
to catalysis — e. g., the conversion of gum and starch to sugar, of alcohol to 
ether by sulphuric acid, and of sugar to alcohol by a ferment; but there are 
here numerous reactions depending on a variety of causes ; and as science 
progresses, and these reactions become better understood, the use of this 
term may be rendered unnecessary. 

Mectrolysis,'^('yjxsx'fpovj %vco, to loosen by electricity.)-— This term is applied 
to the electro-chemical decomposition of substances as a result of the electric 
current. The electric fluid serves to unite as well as to disunite bodies ; 
and in producing their disunion or separation- there is this remarkable dif- 
ference from the chemical force — namely, that it transports and collects at 
particular points, called po/es, the elements or compounds which are sepa- 
rated. 

When the electrodes or poles of a voltaic battery are brought near to each 
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other in certain liquids, such, for instance, as accidulated water and saline 
solutions ; or, in other words, when these liquids are made part of the elec- 
tric circuit, so that the current of electricity passes through them, decom- 
position ensues; that is, certain elements are evolved in obedience to certain 
laws. Thus water, under these circumstances, yields oxygen and hydrogen ; 
and the neutral salts yield acids and alkalies. In these cases, the ultimate and 
proximate elements appear at the electrodes or poles — not indiscriminately, 
or indifferently ; but oxygen and acids are evolved at the anode, or surface at 
which the electricity enters the electrolyte; srnd hydrogen, and alkaline bases, 
at the cathode, or surface at which the electric current leaves the body under 
decomposition. 

All compounds susceptible of direct decomposition by the electric current 
are called electrolytes ; and when electro-chemically decomposed, they are said 
to be electrolysed. Those elements of the electrolyte which are evolved at 
the anode are termed anions, and those which are evolved at the cathode, 
cations (avlov, that which goes upwards ; xaTfUv, that which goes downwards), 
and when these are spoken of together, they are called ^07^s; thus when acidu- 
lated water is electrolyzed, two Ions are evolved, oxygen and hydrogen, the 
former being an aiilon, the latter a cation. 

In all jon'mar^ electro-chemical decompositions, the elements of compounds 
are evolved with uniform phenomena either at the anode or cathode of the 
electrolyte ; hence their division into electro-negative and electro-positive 
bodies, or, into aiilons 2ind cations. The latter have more recently received 
the name of hasylous bodies, as by combining with oxygen they form a large 
class of bases. But it frequently happens that the evolution of a substance 
at the electrode is a secondary effect ; sidphur, for instance, in the decom- 
position of sulphuric acid, is evolved at the cathode or negative pole, not by 
direct electrolysis, but in consequence of the action of the nascent hydrogen ; 
and whenever sulphur is obtained by primary electrolytic action from a com- 
pound containing it, it is evolved at the anode, or positive pole; hence, in 
classifying the elements according to their electrical relations, this distinction 
must be observed. It is also necessary to guard against the combination 
of the substance (or Ion), with the electrode ; hence the advantage of pla- 
tinum electrodes, that metal being acted upon by very few of them. 

The following table of simjjle and compoimd Ions has been drawn up by 
Faraday : — ■ 



ELECTRO-NEGATIVE BODIES OR ANIONS. 



Oxygen 


Cyanogen 


Phosphoric acid 


Citric acid 


Chlorine 


Sulphuric acid 


Carbonic acid 


Oxalic acid 


Iodine 


Selenic acid 


Boracic acid 


Sulphur 


Bromine 


Nitric acid 


Acetic acid 


Selenium 


J'luorine 


Chloric acid 


Tartaric acid 


Sulphooyanogen. 




ELECTRO-POSITIVE 


BODIES OR CATIONS. 




Hydrogen 


Tin 


Mercury 


Strontia 


Potassium 


Lead 


Silver 


Lime 


Sodium 


Iron 


Platinum 


Magnesia 


Lithium 


Copper 


Gold 


Alumina 


Barium 


Cadmium 




Protoxides generally 


Strontium 


Cerium 


Ammonia 


Quiuia 


Calcium 


Cobalt 


Potassa 


Cinchonia 


Magnesinm 


Nickel 


Soda 


Morphia 


Manganese 


Antimony 


Lithia 


Vegeto-alkalies gene- 


Zinc 


Bismuth 


Baryta 


rally. 



Compounds only undergo electrolysis : and, to act as electrolytes, they 
must be in a state of solution or fusion. Electrolysis is definite in amount. 
Thus the quantity of electricity produced during the solution oP 32 grains 
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of zinc, is equivalent to the decomposition of 9 grains of water. Electro- 
lytes differ in the facility with which they yield up their elements to the 
influence of the electric current, or in the resistance which they offer to 
electro-chemical decomposition. The following bodies are electrolytic in 
the order in which they are placed, those which are first, being decomposed by 
the current of lowest intensity;- — 



Chloride of lead (fused) 
Iodide of lead (fused) 
Hydrocliloric acid (solution) 



Iodide of potassium (solution) 
Chloride of silver (fused) 
Chloride of zinc (fused) 

Water acidulated by sulphuric acid. 

For an account of the electrolysis and electrosynthesis of water, see Water. 

Prismatic or Spectrum Analysis. — Chemists have for many years relied 
upon the colors given by the salts of various metals, to the colorless flames 
of alcohol, or coal-gas, as a useful aid to qualitative analysis. MM. Kir- 
choff and Bunsen, by their recent researches on the colored flames of metals, 
have arrived at an entirely new method, which, they assert, not only enlarges 
the scope of chemical reactions, but points to the solution of problems hith- 
erto considered unapproachable by science. This method consists in not 
merely relying upon the color imparted to the flame, but in decomposing the 
colored light by a prism; in other words, in submitting the colored flame to 
a minute prismatic analysis. Their observations have been hitherto chiefly 
directed to the detection of the metals of the alkalies and alkaline earths. 
They have employed pure salts of these metals, as well as various mixtures 
of them, and they have found that the more volatile the metallic compound 
on which they operated, the brighter was the spectrum which they obtained. 
A high temperature was generally required : a coal-gas flame of a Bunsen^s 
burner, of which the heat was estimated at 2350^ C, was found to be suffi- 
cient for the alkaline metals, and the colorless nature of this flame rendered 
it otherwise well adapted for the spectralytic observations. The alkaline 
salt in minute quantity was placed on the end. of a fine platinum wire (bent 
into a hook and flattened, if for a solution), and this was introduced into the 
lower part of the colorless coal-gas flame. The light of the colored flame 
was then made to traverse a prism of sulphide of carbon, having a refracting 
angle of 60^; and as it issued from the prism it was examined by a small 
telescope. 

The reader will find a description of this apparatus, and of the method of 
employing it, in the Philosophical Magazine for August, 1860, page 91, and 
the Pharmaceutical Journal^ February, 1862 ; but it has since been super- 
seded by more convenient instruments. The colored flame of each metal, 
even in the minutest quantities, was found to give a well marked and charac- 
teristic spectrum. Compared with the spectrum of solar light, the actual 
amount of colored light was very small, and this was distributed without any 
kind of order, in a series of bands or stripes of different widths and intensi- 
ties, the bands of color taking up the situation of the corresponding spectral 
colors. Sodium was observed to give a single or a double line of yellow 
light, only in a position corresponding to the orange rays of the solar 
spectrum. Potassium, besides a more diffnsed spectrum, gave a red line in 
the extreme red rays, and a violet line in the extreme violet rays. Lithium 
gave a dark spectrum, with only two bright lines, one a pale yellow corre- 
sponding to the yellow rays, and the other a bright red corresponding 
to the red rays. Strontium, barium, and calcium, the only three alkaline 
earthy metals which give spectra (magnesium not being volatile in this 
flame), are remarkable for the number and variety of the colored bands which 
they present. Strontium presents eight characteristic lines — six red in the 
part corresponding to the red rays, one broad orange band parallel to the 
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orange rays, and at some distance from these a blue line, in the situation of 
the blue rays. The spectra of barium and calcium are distinguished from 
the others by the number of green bands which they present. Two of these 
in the situation of the green rays characterize barium. There are, besides 
these, three other green bands, and several yellow, orange, and red lines. 
Calcium presents one broad green band in the situation of the yellow-green 
rays ; and a bright orange band near the red rays, besides several smaller 
orange lines. The new alkaline metal Ccesiufn {ccesius, sky-color), discovered 
by Bunsen in the waters of Durckheim and Baden, as w^ell as in most spring- 
waters containing chloride of sodium, presents two distinct grayish-blue lines 
in the parallel of the blue rays, and no other colored bands or lines. The 
other new metal. Rubidium^ found by Bunsen in the waters of Hallein and 
Gastein, derives its name from the two splendid red lines in its spectrum ; 
these are of a low degree of refrangibility. The optical characters of the 
spectra are constant for each metal, and are equally well marked in size and 
position under all varieties of flame, even of that given by the electric discharge. 
Bunsen estimated that the amount of sodium which admitted of detection 
by prismatic analysis was the 1#5, 000, 000th part of a grain ; of lithium, the 
'1 0,000,000th ; of potassium the 60,000th ; of barium the same ; of strontium 
the 1,000,000th; and of calcium the 100,000,000th of a grain 1 

The delicacy of the sodium reaction accounts for the fact that all bodies, 
after a lengthened exposure to atmospheric air, show, when heated, the sodium 
line. Even ignited air and all kinds of dust show the yellow tinge of sodium. 
Fine platinum wire or foil, however clean, if exposed to air for a short time, 
has been observed to give a yellow 'color to flame, owing, as it is supposed, 
to the deposit upon its surface of sodium derived from the atmosphere. 
Three-fourths of tfie earth's surface are covered with sea-water, and {he 
minutely diffused chloride of sodium may, it is supposed, be thus spread 
through the whole of the atmosphere. Lithium, which was supposed to be a 
rare metal, also appears by thi^ mode of analysis to be very widely distribu- 
ted. Bunsen found it in about an ounce and a-half of the waters of the 
Atlantic Ocean ; in the ashes of kelp from Scotland ; the ashes of tobacco, 
of vine-leaves, and of plants growing on various soils. It was found in the 
milk of animals fed upon these crops, and it was detected by Dr. Folvvarczny 
in the ash of human blood and muscular tissue. It has also been discovered 
in the residue of Thames-water, in Stourbridge clay and in meteoric stones. It 
is a curious fact that the intermixture of these alkaline metallic compounds 
does not materially interfere with the optical as it does with the common 
steps of a chemical analysis. Thus a drop of sea-water shows at first a 
sodium-spectrum ; after the volatilization of the chloride of sodium — -a cal- 
cium-spectrum appears, which is made more distinct by moistening the 
platinum wire with hydrochloric acid. By treating the evaporated residue 
of sea-water with sulphuric acid and alcohol, potassium and lithium-spectra 
are obtained. The strontium reaction is best procured by digesting the 
boiler-crust of sea-going steamers in hydrochloric acid, and employing alco- 
hol as a solvent. By this process of analysis, most mineral waters are found 
to contain all the alkalies and alkaline earths excepting the compounds of 
barium. 

The different degrees of volatility in the alkaline metals are favorable to 
their detection in a state of mixture. Thus a solution containing less than 
the 600th of a grain of each of the following chlorides — potassium, sodium, 
lithium, calcium, strontium, and barium — was brought into the flame. At 
first the bright sodium line appeared, and when this began to fade the 
bright-red line of lithium was seen, while at some distance from the sodium 
line the faint red line of potassium came into view, and with this two of the 
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green barium lines ; the spectra of the potassium, sodium, lithium, and 
barium salts gradually faded away, and then the orange and green calcium 
lines showed themselves in their usual positions.— (P7iz7. Mag.^ Aug. 1860, 
p. 106.) 

An improvement has been recently made in the prismatic apparatus by 
which the spectra of two flames may be examined at once. Thus any doubt 
respecting the presence of the substance from the colored band in one 
spectrum, may be removed by introducing a portion of the suspected sub- 
stance into the second flame, so that the two spectra may be seen side by 
side, and compared. 

It has been also observed that gases ignited by the electric spark from 
Ruhmkorff ^s coil give spectra of a remarkable kind. Thus hydrogen through 
which the electric discharge is passed, gives a spectrum having an intensely 
red line like lithium, and a bright band of green, w^hich can be split up into 
a number of thin and beautiful green rays (Roscoe). Spectra of nitrogen, 
chlorine, and other gases rendered incandescent, have been obtained by 
various observers, and it is not improbable that gases generally and their 
complex mixtures may be hereafter qualitatively determined by this method, 
like the compounds of alkaline metals. 

The platinum poles of a battery,, simply ignited, give a violet blue plati- 
num spectrum ; and if a salt of copper, iron, chromium, nickel, or other 
metal, be placed upon them, a spectrum peculiar to each metal is brought 
out, but instead of a few lines of color, as in alkaline metals, they occur in 
many hundreds. Dr. Koscoe describes seventy brilliant lines in the iron 
spectrum, of all degrees of intensity and breadth. The most prominent of 
these lines may, however, be selected for identity. Kirchoff states that he 
has thus been able to distinguish the compounds of the rare metals — yttrium, 
erbium, terbium, lanthanum, didymium,.and cerium. The spectra obtained 
from a mixture of the common metals, are not so distinct as those of the 
alkaline series. Thus in German silver, the spectrum may show only one of 
the constituents (Roscoe). The spectra of the common metals require a 
much higher temperature (^. e., the electric spark of Ruhmkorff^s apparatus) 
for their production, and they are then liable to be mixed with the spectra 
of the platinum poles, as well as those of the metalloids, which constitute the 
acids or radicals of these salts. 

As these discoveries are at present in their infancy, it is difficult to specu- 
late upon the practical results to which they may ultimately lead. In 
reference to the qualitative analysis of the alkaline salts, they will enable a 
chemist not only to detect the respective metals, with great rapidity, in 
quantities inconceivably minute ; but they may also enable him to detect 
these quantities in mixtures with each other, with a certainty which no other 
known analytical process can furnish. On further research they may serve 
to identify, with nearly equal certainty, the salts of other metals; either alone 
or in a state of admixture. Quantitative analysis,, by the usual processes, 
must, however, be still resorted' to, in order to determine the proportion of 
ingredients by weight in a compound ; and as it is impossible to weigh a 
smaller quantity than the 1000th part of a grain, chemists may in future be 
compelled to assign to a compound many substances which do not admit of 
a determination by weight. The extreme delicacy of this photo-chemical 
method is likely to create the greatest difficulty in its practical application. 
When a mineral- water like that of Baden is thereby shown to contain all the 
metals of the alkalies and alkaline earths, excepting barium, besides two 
new metals, one of them (the more abundant) existing only in the proportion 
of one part in a hundred million parts of the water, the question will really 
be, w^hether there can be any assigned limits to the number of substances 
which may be discovered by such a mode of analysis. 
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CHAPTER IV. 

EQUIVALENT WEIGHTS AND VOLUMES — NOMENCL ATURE 
AND NOTATION. 

Determination of Equivalent Weights. — It has been already described as a 
special character of a true chemical compound, that its constituents combine 
in fixed proportions, which are represented by figures, and are called equiva- 
lent or atomic weights. For the determination of these weights, a series of 
carefol analyses of the substance are made. To take water as an example, 
there is no compound in chemistry of which the constitution has been so 
accurately determined, both analytically and synthetically, as of this. In 100 
parts by weight, it is found to contain 11*09 of hydrogen, and 88*91 of 
oxygen. These proportions reduced to their smallest denomination would 
be represented by the figures 1 and 8 ; or if, instead of making hydrogen 
unity, we assumed that oxygen combined as 1, then hydrogen would be 
represented by the decimal 0*125. As, however, this last assumption would 
lead to a very inconvenient use of decimals, the standard of unity is assigned, 
by most chemists, to hydrogen: and the selection of hydrogen has this great 
advantage, that being the lightest body in nature, and combining relatively 
in the smallest weight, the figures representing the equivalents of the other 
bodies are comparatively low and are easily remembered. The numbers 1 
and 8 therefore respectively represent the atomic weights of hydrogen and 
oxygen, on the assumption that one atom of each element is contained in 
the compound — the weight of the atom of water being therefore 9, the sum 
of these weights. 

All bodies combine either with hydrogen or with oxygen, and the atomic 
weight of any body may be therefore found by analyzing its compound with 
either of these elements, and determining by the rule of proportion how much 
by, weight enters into combination with 1 part of hydrogen or with 8 parts 
of oxygen. The atomic weight of sulphur may be thus determined. 100 
parts of its compound with hydrogen {Sulphide of Hydrogen) are composed 
of 94*1 of sulphur and 5*9 of hydrogen : hence 94'l-r5'9==15-9, or, 
allowing for differences of analysis, 16, the atomic weight of sulphur. 
Again, hydrochloric acid consists in 100 parts of 9t*26 chlorine and 2-74 
hydrogen : hence 9t "26 ^2-^4=35*49, or, in round numbers, 36, the atomic 
weight of chlorine. 

It will be understood that these figures do not represent the absolute, but 
merely the proportional weights in which bodies combine. We have no 
knowledge of the absolute weight of an atom of any substance, and we are 
unable to say whether the combining weights thus determined, include one 
or more atoms of any element; but it is convenient to assume that th'e 
figures represent the relative weights of atoms ; and that however the figures 
may vary, there is only one atom of each element in the figures which repre- 
sent its combining weight. We have thus arrived at two of the laws of 
chemical combination. 

1. The equivalent or atomic weight of a body represents the smallest 
quantity by weight in which it will combine with one part by weight of 
hydrogen or eight parts by weight of oxygen. 
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2. The equivalent weight of a compound is the sum of the equivalents of 
its constituents. 

There is a third law which flows from the preceding : — 

3. If a simple or compound body combines with more than one proportion 
of the same substance, the other proportions are multiples, or sub-multiples, 
of the first. 

For an illustration of this law the reader is referred to Oxides^ under 
Oxygen. 

Guided by these rules, it is possible to determine the atomic weight of a 
substance (fluorine), which has never yet been isolated. The compound of 
this body with calcium is a well-known mineral. Assuming that we take a 
weighed quantity of fluoride of calcium, we convert it into sulphate of lime 
by heating it with sulphuric acid. The weight of the sulphate of lime being 
known, the weight of the calcium in the lime is easily determined ; and by 
deducting the weight of calcium from the original weight of fluoride 
employed in the analysis, the exact amount of combined fluorine is known. 
The atomic weight of this unknown element is thus found to be 19. 

These laws of combination are of great aid to the analyst. If he can 
determine the weight of one constituent of a compound, the weight of the 
other may be accurately determined by calculation. If, for instance, in 
reference to sulphate of lime— should the weight of sulphuric acid be deter- 
mined, then as 40 parts of sulphuric acid unite to 28 of lime to form this 
salt ; the amount of lime associated with the acid may be readily known by 
a simple calculation ; or, conversely, if the weight of lime is determined, the 
amount of sulphuric acid which must have been combined with it may be 
easily calculated. 

It was at first supposed that the equivalents of all simple substances 
would be found to be integers or multiples of hydrogen, taken as unity ; but 
experience, based on accurate analyses made by Dumas, shows that this rule 
admits of application only to those elements enumerated in the subjoined 
list, and even the accuracy of the results on which this list is based has been 
recently called in question : — 

Hydrogen. 1. 
Oxjgen 8. Sulphur 16. 

Carbon 6. Phosphorus 32. 

Nitrogen 14. Arsenic 75. 

Calcium 20. 

To this number some chemists have added fifteen other elements. M. 
Stas, who has recently investigated this subject, denies the existence of any 
multiples of hydrogen among the equivalent weights. He assigns as the 
equivalent of nitrogen 14 '041, and of sulphur 16-03H. These diiferences 
are not, however, such as to affect materially any calculations based on the 
elements ; and with respect to the equivalent weights of other substances, it 
is the common practice among chemists to represent them by whole numbers. 
The reason is obvious. No two chemists agree concerning the decimals. 
The equivalent of chlorine is given at 35-45, 85*4^, and 35-50, by equally 
reliable authorities. It is usually taken at 36. Strontium is given by 
Stroraeyer at 43'6Y, by Dumas at 4Bt4, by Kose and de Marignac at 43''rt, 
by Liebig at 43-80, and by Graham and Pelouze at 43-84. It is usually 
taken at the whole number 44. The whole numbers are easily carried in the 
memory ; and if great accuracy is required in any investigation it is easy to 
substitute for them, the real figures of any selected authority. 

Symbols. -^It will have been perceived from frequent examples given in 
the preceding pages, that a symbolic language has been generally adopted 
by chemists. Thus the symbols H, 0, S, CI, stand respectively as abbrevia- 
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tions for hydrogen, oxygen, sulphur, and chlorine. When the initials of 
elements are sioiilar, then the first and second, or the first and third letters 
of the name of the substance are taken : and in reference to the metals the 
corresponding Latin names are similarly used as distinctive symbols. It is 
important to bear in mind, however, that these symbols not only represent 
the element but the relative weight of it which enters into combination. 
Thus the letters HO, not merely represent hydrogen and oxygen, but 1 part 
of hydrogen and 8 parts of oxygen ; and the two associated, 9 parts of water. 
The number of atoms of each element in a compound is generally indicated 
hj a figure placed on the right-hand corner. Thus the symbol HOg indicates 
2 atoms of oxygen combined with 1 atom of hydrogen (peroxide of hydro- 
gen), while 2H0 represents two atoms of water— the figure thus placed on 
a line, doubling all that follow it up to the addition sign + , or symbols 
included in brackets. Thus K0,S03, represents sulphate of potassa, but 
KO,2S03 represents bisulphate of potassa. Sometimes in order to represent 
2 atoms, instead of a figure 2 at the right corner, the symbol is barred, as 
thus, O.S. These are equivalent to O^ and S^. A collection of symbols 
constitutes ^ formula ^ as in the formula for alum, KO,S034-Al203,3S03+ 
24HO. The plus sign is introduced to show that in this compound salt, the 
elements are arranged as sulphate of potash, sulphate of alumina, and water. 
It will be perceived from this formula that the atom of crystallized alum is 
compounded of Tl atoms, namely, 40 of oxygen, 24 of hydrogen, 4 of sul- 
phur, 2 of the metal aluminum, and 1 of the metal potassium; and the 
equivalent weight of the compound calculated from this constitution would 
be 4^*5. Formulae when so arranged as to represent chemical decomposi- 
tions, constitute "an equation, a term borrowed from algebra, to represent that 
the quantities on the two sides are perfectly equal— ^. e., that the formulae 
although dissimilar will represent an equal number of atoms, and therefore, 
equal atomic weights, as in the reaction of common salt on a solution of 
nitrate of silver, NaCl+AgO,N05=AgCl + K'aO,N03. The meaning of the 
word equivalent v/ill be apparent from this equation. . It denotes a quantity 
of one substance which can exactly replace or be substituted for another in 
chemical combination. Thus silver is substituted for sodium, but in weights 
which are to each other respectively as 108 to 23, i. e., these weights of the 
metals are equal to each other in the power of saturating the same quantity 
of chlorine, i. e., 36: the 8 of oxygen combining with the sodium, and 
exactly replacing the 36 of chlorine which have been transferred to the 
silver. 

The following Table comprises an alphabetical list of the 65 elements now 
known to chemists, with their respective symbols, and their atomic or 
equivalent weights, hydrogen being assumed as unity. * In this Table, the 
non-metallic elements or metalloids are printed in italics to distinguish them 
from the metals. 
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TaUe of Elementary Substances, with their Symbols and Equivalent or 

Atomic Weights. 



1 

a 




Al 


14 


Sb 


129 


' As 


75 


Ba 


69 


Bi 


213 


B 


11 


Br 


78 


Cd 


56 


Cc^ 


123 


Ca 


20 


C 


6 


Ce 


46 


CI 


36 


Cr 


26 


Co 


80 


Ta 


184 


Cu 


32 


Di 


48 


Er 


? 


F 


19 


G 


7 


Au 


197 


H 


1 


11 




I 


126 


Ir 


99 


Fe 


28 


La 


44 


Pb 


104 


Li 


7 


Mg 


12 


Mn 


28 


Hg 


100 




<1^ 



I Aluminum ..... 
Antimony (Stibium) . 
Arsenic ...... 

Barium 

Bismuth. ..... 

Boron ...... 

Bromine 

Cadmium ..... 

Csesium 

Calcium ..... 

-Carbon 

Cerium ...... 

Chlorine . . . . . 

Chromium 

Cobalt 

Columbium (Tantalum) 
Copper (Cuprum) . . 
Didymium. ..... 

Erbium 

Fluorine . . . . . 

Grlucinum 

Gold (Aurum) . . . 
Hydrogen . . . . 

Ilmenium 

Iodine . . . « . 
Iridium ...... 

Iron (Ferrum) . . . 
Lanthanum .... 

Lead (Plumbum) . . 
Lithium ..... 

Magnesium .... 

Manganese .... 

Mercury (Hydrargyrum) 



Molybdenum . . 
Nickel .... 
Niobium .... 
Nitrogen .... 
Norium .... 
Osmium ... . . 
Oxygen ... . 
Palladium . . . 
Pel opium . . . 
Phosphorus . 
Platinum 

Potassium (Kalium) 
Rhodium. . . . 
Rubidium . . . 
Ruthenium . 
Selenium .... 
Silicon .... 
Silver (i^rgentum) 
Sodium (Natrium) 
Strontium . . . 
■Sidphur ... 6 
Tellurium . . . 
Terbium .... 
Thorium .... 
Tin (Stannum). 
Titanium . . . 
Tungsten (Wolfram) 
Uranium .... 
Vanadium . 
Yttrium .... 

Zinc 

Zirconium . . . 



Mo 

Ni 

Nb 

N 

No 

Os 



Pd 

Pe 

P 

Pt 

K 

Ro 

Rb 

Ru 

Se 

Si 

Ag 

Na 

Sr 

S 

Te 

Tb 

Th 

Sn 

Ti 

W 

U 

V 

Y 

Zn 

Zr 



48 
30 

14 

100 

8 

54 

32 
99 
39 

52 
85 
52 
40 
22 
108 
23 
44 
16 
64 
? 
60 
59 
24 
92 
60 
68 
32 
32 
34 



The equivalent weights have here been placed in integers for reasons 
already assigned. The figures, it will be observed, have no relation to the 
solid, gaseous, or liquid form of the elements, or to their specific gravity ; 
some substances widely different in chemical and physical properties have 
similar equivalent weights, while among others, a common difference may be 
observed. Thus lithium and. glucinum are each represented by 7 ; aluminum 
and nitrogen by 14 ; cobalt and nickel by 30 ; iron and manganese by 28 ; 
and copper, zinc, yttrium, and phosphorus by 32. Lithium, sodium, and 
potassinni, have a common difference of 16, these metals being respectively 
7, 23, 39. The new alkaline metal, Cesium, by its high equivalent (128) 
disturbs this order. Calcium, strontium, and barium, being strictly 20, 48*8, 
and 68-5, have nearly a comm.on difference of 24. Other curious arithmetical 
relations may be found in chlorine, bromine, and iodine, as well as in other 
groups. 

Equivalent Volumes. "—In reference to elements and compounds which 
exist in the gaseous state, it has been determined by experiment that the 
weights correspond in general to very simple proportions by volume. Thus 
again taking tvater as an example, it is found that the proportion by volume 
in which hydrogen combines is always double that of oxygen; and further, 
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that the compound formed, calculated as vapor, is exactly equal to the bulk 
of hydrogen which goes to constitute it. Assuming hydrogen as unity, by 
volume as well as by weight, it follows that the atomic weight of hydrogen 
(1) corresponds to the atomic volume 1 ; and that the above weight of oxygen 
(8) corresponds to 0-5, or one half volume. So in sulphuretted hydrogen 1 
equivalent of hydrogen represents 1 volume, but the equivalent of sulphur (16) 
in consequence of the great specific gravity of the vapor of that element, cor- 
responds to only l-6th of the bulk of hydrogen, or l-6th of a volume. This 
is the greatest deviation from simplicity among all the gaseous bodies ; but 
its admission is unavoidable, except at greater inconvenience than arises from 
retaining it. Thus if, to avoid fractional parts of volumes, sulphur were made 
unity, i. e., if 16 parts of sulphur by weight were assigned to 1 volume of 
the vapor, then the atomic volume of hydrogen would be 6, of oxygen 3, 
and of water 6. Some chemists have compromised this difficulty by avoiding 
the fraction for oxygen, but still retaining it for sulphur ; although why, if 
retained for one, it should not be retained for both, does not clearly appear. 
Thus they represent 1 part by weight of hydrogen to correspond to 2 volumes 
of the gas, and 8 parts by weight of oxygen to 1 volume of that gas. They 
thus adopt hydrogen as unity by weight, but oxygen as unity by volume. 
Continental writers reject both of these arrangements ; they take hydrogen 
at 12 '5 by weight, and 100 by volume ; oxygen at 100 by weight and 50 by 
volume. 

Water, therefore, stands thus : — 

By Weight. By Volume. 

Hydrogen , . . 1 12-5 1 2 100 

or or or 

Oxygen .... 8 100- * 1 50 

It will be perceived that these numbers bear an exact ratio to each other. 
To us it appears desirable not to depart from the simplicity of ordinary 
chemical language, except for some cogent region. The atomic volume of 
hydrogen being 1, the atomic volumes of oxygen, phosphorus, and arsenic, 
are respectively ^, and that of sulphur ^th. With these exceptions there are no 
fractional volumes in the gaseous combinations of simple and compound bodies. 

Gases or vapors which resemble hydrogen in containing one atom by 
weight in one volume are called monaiomic ; hydrogen, chlorine, and nitro- 
gen, are examples. Those in which the volume corresponds to two atoms 
(oxygen, phosphorus, and arsenic) are called diatomic, and when the volume 
contains six atoms (sulphur), hexatomic. 

Atornic Volume.— -The atomic weight of a gas or vapor divided by the 
specific gravity (compared with hydrogen) will give the atomic volume. Thus 
the atomic weight of oxygen is 8 : bulk for bulk, it is 16 times heavier than 
hydrogen, and 8-r 16 = 0-5, or ^ the atomic volume of hydrogen. The atomic 
weight of sulphur is 16; compared with hydrogen in the same volume, its 
weight is 96 (the sp. gr. of its vapor at 900^ being 6-63). Thus ,16-^96 = 
0*1666, or fractionally ^th of a volume. If we take the ordinary specific 
gravity in which air is made the standard, the numbers for the atomic volumes 
of gases are in the saaie proportions. Thus hydrogen has a sp. gr. of 
0691, and 1-^ 0'0691==14-4 ; oxygen, asp. gr. of l*105t, and 8-^- 
1-1051:=^2; sulphur vapor at 900^ a sp. gr. of 6-63, and 16-f-6-63 = 
2-4:1. These quotients 14*4, 1*2, and 2-41 are to each other as 1, J, and -Jth 
respectively, and they equally represent the atomic volumes of these bodies. 

The atomic or equivalent volumes of all solids and liquids, whether ele- 
mentary or compound, may be calculated on similar principles — namely, by 
dividing their atomic weights respectively, by their specific gravities compared 
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with water ^ the atomic volame of which is 9-M = 9. The sp. gr. of the metal 
lithium, the lightest of all solids aT^d liquids is 0*59 : its atomic weight is T, 
and t-r- 0*59 = 11 '8, the atomic volume. Platinum, the heaviest of all solids, 
has a sp. gr. of 21*5, and its atomic weight is 99, and 99-^2r5==4'6 ; the 
atomic volume of this metal. The atomic volume of ice, which, according to 
Playfair and Joule, has a sp. gr. of 0*9184, is found on a similar principle 
¥T84"^'^- '^^^^ relative number of atoms in a given volume of any sub-, 
stance is obtained by an inverse proceeding. — namely, in dividing the specific 
gravity by the atomic weight. 

It appears probable from the researches of Petit and Dulong {Ann. de Ch. 
et Phys., X. p. 403), that the atoms of all simple substances have the same 
specific heat^ for By multiplying the specific heat of any one of the elements 
by its atomic weight, in nearly all cases the quotient is the same, or a mul- 
tiple or sub-multiple of the figures. There are some remarkable exceptions, 
however, as in the case of carbon : and these can scarcely be explained by 
any want of accuracy, either in determining the specific heat or the atomic 
weights of bodies. Further researches are required to show that there is 
that exact relation which has been supposed. 

New Notation, — A new system of notation has been proposed by Gerhardt, 
with a view to establish a constant relation between the atomic weight of 
bodies, their specific gravities, and vapor volumes. In order to carry out 
these views, he has suggested that hydrogen should be the standard or unit 
for the atomic weight, specific gravity, and combining volume, and that, in 
order to meet this view, the equivalents of certain bodies should be doubled. 
Thus :-. 

Symbols. Atomic Weiglits. 



Hydrogen i . 


. H 


H 


1 


Oxygen 


. 





16 


Sulphur 


. s 


S 


32 


Selenium 


. Se 


Se 


79 


Tellnrinm . 


. Te 


Te 


128-4 


Carbon 


. C 


C 


12 



The symbols are represented sometimes in Italic capitals, but more cor- 
rectly in the Koman capitals barred, to show that they are double the usual 
weights. If this system be adopted, it will be desirable that this practice of 
barring the symbols should be maintained, otherwise endless confusion will 
arise in reference to the chemical constitution of bodies :— and the great 
object of a symbolic language in chemistry will be defeated. 

The specific gravity of all gases is referred by Gerhardt to hydrogen as a 
standard, instead of atmospheric air. This certainly has the advantage of 
representing generally by one set of figures both specific gravities and atomic 
weights. Thus oxygen is 16 times heavier than hydrogen. Its specific 
gravity would be therefore 16, and, as it combines with hydrogen in the pro- 
portion of 8 to 1, this is in the ratio of 16 to 2 •, hence if the atomic weight, 
of oxygen is 16, it will take two atoms of hydrogen to form water. Thus; 
hydrogen is supposed to unite not as one, but as two atoms with one atom- 
of oxygen, in order to meet this duplication of oxygen. This is on the 
assumption that equal volumes of gases, under similar circumstances, contain 
an equal number of atoms, and that each atom of an elementary gas repre- 
sent a volume, and vice versa. Thus a volume of oxygen contains 1 atom= 
16, and a volume of hydrogen contains 1 atom = l. But water, according 
to Gerhardt, cannot be produced by the union of 1 atom or volume of hydro- 
gen ; hence on his view it would stand thus : — 

5 
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By Weight. By Volume. 

H2 = 2 = 2 

O = 16 = 1 



H2O = 18 = 2 

Water would therefore be a suboxide of hydrogen, while the peroxide would 
become the oxide (HO). Protoxide of nitrogen would in like manner be a 
suboxide N^O, and the deutoxide would become the protoxide (NO). While 
hydrochloric acid would remain unchanged (HCl), nitric acid would become 
NO3H, and sulphuric acid SO^Hg. Gerhardt^s system would thus require 
not merely an entire change of formulae, but an entirely new nomenclature, 
i. e., if we are to preserve the rule of naming bodies according to their com- 
position. 

It is stated in favor of this method, that it is better adapted for expressing 
the formulae of certain organic compounds than that now in use ; and that, 
in reference to compound gases and vapors, the atoms may be so arranged 
that they will all yield two volumes — the specific gravities of the compounds, 
compared with hydrogen, being then equal to one-half of their atomic weights. 
Thus carbonic oxide CO forms 2 volumes of gas (the atoms being doubled) ; 
the atomic weight is 12 + 16, or 28, and the specific gravity, compared with 
hydrogen, equal to one-half, or 13.95. Alcohol is CgllgO; it forms 2 volumes 
of vapor; the atomic weight is 24 + 6 + 16=46, and the specific gravity, 
compared with hydrogen, is one-half of this, namely, 23. Chemical facts 
are, however, somewhat strained to suit the requirements of this hypothesis. 
The specific gravities of arsenic and phosphorus in vapor, compared with 
hydrogen, are double their atomic weights, being 152'79 and 63tl respect- 
ively. The atomic weights (15 and 32) therefore represent only half a 
volume instead of one volume of each element ; and one volume of arsenic 
or phosphorus must represent two atoms. Either, therefore, the system is 
inconsistent with itself, and the assumption that the volume of an element 
represents one atom, or its atomic weight, is contrary to known facts — or, 
in order to bring arsenic and phosphorus within the rule, the atomic weights 
of these elements must be doubled on this system of notation. So with sul- 
phur—the atomic weight being 32, the specific gravity of the vapor, com- 
pared with hydrogen, is 3 times this w^eight, or 96. Hence, instead of an 
atom of sulphur corresponding to one volume, it would be represented by ^ 
of a volume. By ingeniously selecting a specific gravity of sulphur-vapor 
€alculated for the unusual temperature of 1900°, in place of the ordinary 
specific gravity at 900°, this element is made apparently to fall wathin the 
rule. Oxygen itself only falls within it by doubling the equivalents of all 
the bodies with which this element combines. 

This system, therefore, introduces duplicate or molecular atoms In place of 
the usual single atoms. Hydrogen does not exist as H, but as HH or H^,; 
in other words, it is a compound of itself, or a hydride of hydrogen, and 
nitrogen is also NN, or a nitride of nitrogen. We have here not only a de- 
parture from simplicity, but from all analogy. Thus we are told that anhy- 

drous oxide of potassium is -j^ >■ O, w^hile the anhydrous chloride, bromide, 

iodide, and fluoride, w^ould be represented by one atom of each, KCl or-KBr, 
&c. The analogy of composition between oxide and chloride is thus set 
aside: and the names of compounds are no longer in accordance with their 
chemical constitution. The reasons for the introduction of these material 
changes in the ordinary symbolic language of chemistry, are most unsatisfac- 
tory. The system of Gerhardt involves a series of unproved assumptions, 
and it requires a distortion of facts to square with these assumptions. The 
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present language has been found adequate to explain all chemical changes 
that are of any importance and require explanation; and it has this great 
advantage, that it has now taken a deep root not only in the arts and manu- 
factures of this country, but in medicine and pharmacy; and as a branch of 
scientific instruction, it should not be lightly changed. The system of nota- 
tion suggested by Gerhardt has met with no support among French autho- 
rities. In the elaborate work on Chemistry by Pelouze and Fremy, now in 
course of publication, the ordinary method of notation is adopted. 

Nomenclature. Constitution of AS'a/?;^.— Elementary bodies often take their 
names from their peculiar physical properties, as chlorine and iodine in refer- 
ence to color, and bromine to odor : in some instances the name is derived from 
the products of combination, as oxygen, hydrogen, nitrogen, and cyanogen. 
The general principle, of nomenclature as applied to compounds, has been, 
as far as possible, to indicate the composition of the substance by the name. 
Thus sulphate of potash implies at once the constitution of this salt : it w^as 
formerly called the sal de duohus. Its formula is K0,S03, and herein its 
composition is at once announced. The same observation applies to other 
salts. In regard to the common metals, the salts receive the name of the 
metal, as sulphate of copper CuO,S03. The acid, however, as in the case of 
sulphate of potash, is believed to be combined with oxide of copper, and not 
with the metal itself. Among the alkalies the oxides were known long before 
the metals, and received specific names, which have been since retained. In 
recent times it has been proposed to assimilate the names of metallic salts, 
by using a common designation. Thus the sulphate of potash is described 
as sulphate of potassium, on the hypothesis that the acids are not combined 
directly with the oxides, but with the metals. If, as we believe, this hypo- 
thesis is inconsistent with chemical facts, then a retrograde step in nomencla- 
ture has been taken, since a name which suggests a direct combination of an 
acid or acid radical with a metal, conveys an incorrect idea of the constitu- 
tion of salts. {See p. 68.) 

A salt is a compound of an acid and a base. An acid is a compound 
which has an acid or sour taste, which reddens the blue color of litmus, and 
neutralizes an alkali in combining with it to form a salt. The term base is 
applied by chemists to signify a compound which will chemically combine 
with an acid : it includes alkalies (oxides of alkaline metals, and alkalies of 
the organic kingdom), oxides of the ordinary metals, and a variety of com- 
plex compounds in the organic kingdom which are not alkaline and possess 
none of the characters of metallic oxides. The metals which form bases are 
now called basylous bodies. An alkali is known by its having an acrid or 
caustic taste, by its rendering a red solution of litmus blue, and by its being 
neutralized by an acid, i. e., having its alkaline properties entirely destroyed. 
Further, it has the property of turning yellow turmeric to a red-brown color ; 
the red color of the petals of flowers, and fruits, to a blue or green ; and the 
red color of woods and roots to a crimson tint. The basic metallic oxides 
are generally insoluble in water, and neutral to test-paper ; some have a, 
feebly alkaline reaction. 

In reference to Oxacids, or those which contain oxygen, the termination 
ic indicates the higher degree of oxidation, while the termination ous implies 
a lower degree. Thus we have sulphuric (SO3) and sulphurous (SOJ acids. 
When there are more than two acids, a further distinction is made by the 
prefix hypo (vho under) : thus we have hyposulphuric acid to signify an acid 
containing a smaller quantity of oxygen than the sulphuric, but a larger 
quantity than the sulphurous; and hyposulphurous, indicating a smaller 
quantity of oxygen than exists in the sulphurous acid. When an acid has 
been discovered containing a still larger amount of oxygen than the highest 
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in a known series, it receives the prefix hyper {vrtl^ above) ; still retaining 
the terminal ic. Thus- there is manganic acid (MnOg) ; and hypermanganic 
or permanganic acid (MngO^), which contains a still larger proportion of 
oxygen than the manganic. The salts formed by these acids terminate in 
ate when the acid terminates in ic, and in ite when it terminates in ous. The 
terminations ic and ous have been employed by Berzelius, and other chemists, 
to distinguish the oxides and salts of metals. Thus the protoxide of iron 
would be the ferrous oxide, while the peroxide would be the ferric oxide ;*so 
there are also ferrous and ferric sulphates— stannous and stannic chlorides 
and sulphides. 

When there is only one acid formed by the same elements, its termination 
is always in ^c, as the boracic acid, formed of boron and oxygen, of which 
only one compound is known. The class of %c?raCTWs. includes those binary 
compounds in which hydrogen is a constituent; and the names imply at once 
the composition as hydrochloric acid (HCl). Hydrogen, unlike oxygen, does 
not form more than one compound with the same element or radical. These 
hydrogen acids require no water for the manifestation of acidity. The term 
radical, or compound radical, is applied to a compound which in its order of 
combination acts like an element. Thus the compound gas cyanogen (Cgl^) 
is a radical; it entersjnto combination with the metals and metalloids, like 
chlorine, producing binary compounds called cyanides. It is a substitute for 
an element. 

When in the composition of salts the atoms of acids preponderate, the 
prefix hi or ter is used to indicate the number, as bisulphate of potash 
(KO2SO3), or tersulphate of alumina (AI2O38SO3). These constitute acid salts. 
When the base predominates, the abbreviated Greek prefix di or ?5n is em- 
ployed to designate the surplus atoms of the base. Thus, the triacetate of 
lead signifies a compound in which three atoms of oxide of lead are united 
to one atom of acid 3(PbO)Ac. The term sesqui is used to signify one and 
a half atoms, or, avoiding fractions, 3 atom's of base to 2 of acid as 3PbO,2Ac. 
The following Table represents the nomenclature of salts in reference to their 
constitution. M stands for any metal :— 

Neutral (normal) salt M0,+ SO3 ' Bibasic . . . . 2M0, + SO3 

Acid ...... MO, + 2S03 Sesquibasic . . 3MO,H-2S03 

Sesqnisalt .... 2MO, + 3S03 Tribasic . . . 3M0, -f- SO3 

Binary Compounds, — The Binary System. — When a metalloid is united to 
another metalloid or metal, or when a compound radical (salt-radical) is 
united to a metal or metalloid, the combination is called Unary, from its 
couvsisting of two elem^ents. They are generally known by the termination 
ide. Thus oxide, chloride, sulphide, carbide, phosphide, and cyanide indi- 
cate compounds of the elements or of the radical (cyanogen) with other 
elements. When more than one combination exists, the compounds take the 
Greek prefix joroifo, deiito, trito, or di, to indicate the respective number of 
atoms of the constituents. (See Oxygen for the series of Oxides.) The 
highest combination always takes the prefix per. The binary compounds 
formed by chlorine, bromine, iodine, and fluorine, with the alkaline metals, 
are frequently called haloid salts, to indicate the marine origin of the radicals 
(a%i, a%b^, the sea). 

(Jhloride of sodium furnishes an instance of a binary compound; and as 
nitrate of silver or nitrate of potash equally forms a salt bearing a physical 
. resemblance to the chloride, it has been suggested that in oxacid salts the 
elements maybe so arranged as to form hypothetical binary compounds. 
Chloride of sodium is NaCl and nitrate of- silver is AgO,N03; but the 
accepted symbolic language would admit of the atomic arrangement AgNOg, 
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and by this means all decompositions would become mere substitutions of 
one metal for another, or for hydrogen. Thus in the production of chloride 
of silver, we should have in ordinary symbols N'aCl-l-AgO,]N[0^=AgCl + 
NaOjNO^; but if the oxygen is supposed to be associated with the elements 
of nitric acid, forming a compound radical (nitrion), then the changes would 
be more simply represented thus : ]S[aCl + AgNO(.~AgCl + ]SraNOe. If, how- 
ever, this view w^ere correct, it should apply to all salts and even to hydrates. 
Thus, to take a few examples of compounds which are intelligibly represented 
by the present method, we should have, on the binary hypothesis, to make 
the following changes: 1. Carbonate of soda, as a type of the carbonates, 
]^aO,C03 would be rendered Na,C03; and for the bicarbonate of soda, 
]S[aO,2C03 a new hypothetical radical would have to be created, as JNXCgOg 
or NajCOg-j-COg, neither of whichformulse would convey the slightest know- 
ledge'pf the composition of the salts. This objection equally applies to all 
salts having one atom of base to two or more atoms of acid, as the bisul- 
phates, bisulphites, the binarsenates, and others, as well as to all double 
salts containing an oxygen acid. 2. In the application of this notation to 
hydrates (which could not be fairly excepted), hydrate of potash KO,nO 
would be K,H03 ; but while potassium (K) has a stronger affinity for oxygen 
than any other known substance, and peroxide of hydrogen (HO3) so readily 
parts with oxygen that the mere contact with metals or metallic oxides is 
sufficient for the purpose, it is assumed that the peroxide can remain in com- 
bination with potassium without undergoing decomposition. 3. Sulphurous 
acid by combining with potash forms K0,S02. It could not be regarded or 
written as KSO3, for this would imply a combination of anhydrous sulphuric 
acid with the metal potassium. The bisulphite of potash KO,2S02, would 
present an equal difficulty. On the binary system this would be K,S205 — 
the sulphur and oxygen, in order to form a salt radical, being here associated 
as in hyposulphuric acid, which is a well-known and independent acid of sul- 
phur. 4. The anhydrous salts formed of metallic bases and acids could not 
be consistently represented on the binary hypothesis; for there could be no 
definite principle on which the oxygen should be wholly assigned to either 
metal. Thus chromate of lead is commonly represented as PbO,Cr03, but 
as a binary compound it would be either Pb,CrO,j, or CrPbO^. Of these 
three combinations of elements, those only which are known and separable, 
are oxide of lead and chromic acid. The necessary creation of an endless 
number of hypothetical radicals, some already conflicting with known com- 
pounds, is indeed fatal to the hypothesis. It would add complexity instead 
of simplicity to chemical formul£e. While NO-,SOg and CO3 have a real 
and independent existence, the binary radicals IN" 0q,S04 and CO3 are mere 
assumptions. It has been supposed that the electrolytic decomposition of 
salts is in favor of this view ; but although the metal may be separated from 
the salt by an electric current, the supposed binary radical has never been 
obtained, and the facts are fully explained on the supposition that it is 
SO3+O, and not SO4. On the other hand, ordinary electrolysis favors the 
common view of the constitution of salts by acid and base, as the following 
simple experiment will show. Provide a piece of glass tube, bent at an angle, 
and placed in a wine-glass, to serve for its foot or support. Fill this syphon 
with the blue infusion obtained by macerating the leaves of the red cabbage 
in boiling water (rendered blue by a little potash), and put into it a few 
crystals of sulphate of soda; then place a strip of platinum foil in each leg 
of the syphon, taking care that they do not come into contact at the elbow 
of the tube, and connect one of these with the negative and the other with 
the positive pole of the pile; in a few minutes the blue color will be changed 
to green on the negative side, and to red on the positive side of the tube, 
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indicating tbe decomposition of the salt, the alkali or soda of which is col- 
lected in the negative, and the sulphuric acid in the positive side. Reverse 
the poles, and the colors will also gradually be reversed. In this and ana- 
logous experiments, it is found that, whenever a neutral salt is decomposed 
by electricity, the oxide or base appears at the cathode, and the acid at the 
anode. The bases, therefore, in their electrical relations, rank with hydro- 
gen, and are cathions; and the acids with oxygen, and are anions (see page 
56). The most difficultly soluble salts may be made to render up their ele- 
ments in the same way. If, for instance, we substitute for the sulphate of 
soda in the preceding experiment, a little finely-powdered sulphate of baryta 
moistened with water, baryta will be evolved at the cathode, and will there 
render the liquor green ; while sulphuric acid will appear at the anode, ren- 
dering it red. 

If the binary hypothesis were adopted, it would be necessary to change 
the names of all salts. CO3 is not carbonic acid ; it would be necessary to 
invent a new term for this radical, to indicate its composition, e.g.,ii teroxy- 
carbide, so that dry carbonate of potash KO,COo, would be a teroxycarbide 
of potassium KCO3. If names are not to express, as far as may be, the 
composition of salts, it would be preferable to return to the old nomencla- 
ture based on physical properties, and to designate the sulphate of iron 
(FeO,S03) as green vitriol, rather than under the binary hypothesis as the 
tessaroxisulphide of iron (FeSO^). We must bear in mind, in reference to 
such changes, that the supposed advantages gained in one part of the science 
may be far more than counterbalanced by the disadvantage of using names 
which either do not express the nature of the compound, or which express it in 
such formulse as to deceive the student of the science. As Dr. Miller has 
pointed out, there are four ways in which nitrate of potash may be repre- 
sented ; ,K0,N05; K,N06; KNO^ ; and KNO, ; but to only the first of 
these is the usual naniB of the salt applicable. The first, second, and third 
formulae are on the ordinary system of notation ; the fourth is on the system 
of Gerhardt, which, except by some conventional understanding, cannot 
represent the presence of potash or nitric acid in the salt on any reasonable 
interpretation. 

There^are some cases in which the binary theory of salts is inadmissible 
not only with respect to oxacids, but to hydracids. The alkalies of the 
vegetable kingdom form definite crystallizable salts with the hydrochloric, 
sulphuric, and nitric acids. The hydrochlorate and sulphate of morphia 
are well-defined salts, in which there is every reason to believe that acid and 
Ja^e are directly combined. Even in the mineral kingdom,, there is some- 
times a want of evidence of this binary condition. Magnesia or alumina 
may be dissolved in hydrochloric acid, and it is supposed that soluble 
chlorides are formed. In the case of soda and potash there is the strongest 
evidence of the production of chlorides by the fact that the binary salts are 
obtainable as such by crystallization. On submitting to evaporation the 
hydrochloric solutions of magnesia and alumina and applying heat to the dry 
residues, no binary compounds are obtained, but simply the bases which 
were originally employed. According to some authorities, cobalt forms 
both a chloride and hydrochlorate, indicated by a different color in the com- 
pounds ; the chloride or binary compound obtained by concentration at a 
high temperature being blue, while the hydrochlorate, like the non-binary 
compounds nitrate and sulphate, although deprived of water, remain red. 

Neutralization, in reference to salts, must be distinguished from saiuration : 
the first implies the destruction of the properties of acid and alkali by com- 
bination, as manifested on organic colors ; the second the exhaustion of 
chemical affinity. Potash is neutralized by combination with one atom of 
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sulphuric acid. The compound, sulphate of potash, presents neither acid 
nor alkaline reaction ; it is a perfectly neutral salt. Potash will however 
combine with an additional equivalent of acid, forming a bisulphate ; in this 
compound it is saturated with the acid, but the alkali is more than neutralized ; 
it possesses a well-marked acid reaction. Potash in the state of bicarbonate 
is saturated with carbonic acid ; it will take no more : but it is not neutral- 
ized, for it presents a well-marked alkaline reaction. These terms are often 
used as synonymous, but they have a widely different signification. The term 
neutral salt is however commonly employed to signify the condition of a 
compound without reference to the action of its solution on vegetable colors. 
Provided the same equivalent weight of acid is present, the salt is neutral 
although the solution may have an acid reaction. The sulphates of copper, 
iron, and zinc contain the same proportion of acid to base as the sulphate of 
potash, but while the latter is quite neutral, the three former are acid, and 
redden litmus. The best test for neutrality is the blue infusion of cabbage, 
prepared in the manner elsewhere described (page 69). It is reddened by 
an acid, and changed to a green color by an alkali. To avoid confusion from 
the use of the term neutral, Gmelin has proposed to call such salts normal. 

In the double decomposition of salts it is usual to state that neutral salts 
produce neutral compounds. This may be proved by adding to solutions of 
sulphate of potash and chloride of barium respectively a small quantity of 
blue infusion of cabbage. When mixed, there is a complete interchange 
of acids and bases, but the mixed liquids remain blue. Hence there must 
have been a complete substitution or replacement of acids and bases in equi- 
valent proportions; in other words, the chloride of potassium and sulphate 
of baryta are just as neutral as the compounds which form them. If an equi- 
valent of bisulphate of potash is employed, the blue liquid will be reddened 
by this salt, and remain red after mixture, an equivalent of hydrochloric acid 
being set free. When solutions of phosphates of soda and chloride of cal- 
cium, colored with blue litmus, are mixed, the eompounds, although neutral, 
so decompose each other as to set free an acid, and the litmus is reddened. 
This is owing to the formation of a basic phosphate of lime, i.e., a salt in 
which the base predominates. An acid and an alkaline salt may by double 
decomposition produce neutral compounds. A solution of alum reddened 
by infusion of litmus or blue cabbage, when mixed with a due proportion of 
a solution of carbonate of potash rendered green by infusion of cabbage, 
will give rise to products of a neutral kind (sulphate of potash and hydrate 
of alumina), and both liquids will become blue. 
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METALLOIDS OR NON-METALLIC BODIES. 



CHAPTER V. 

METALLOIDS AND MET ALS. — PRO PERTIES OP aASES, AND 

VAPOKS. 

Division of Mements.^-^'Fov the convenience of study, elementary bodies 
are divided into two great classes, namely. Metalloids and Metals. This 
division is arbitrary; hence" chemists have taken different views of the sub- 
stances which belong to these two classes. Sulphur may be regarded as a 
type of the metalloids, and gold of the metals. Here the distinctions in 
physical characters are sufficiently marked. In some cases, however, it is 
difficult to assign the class ; thus arsenic, tellurium, and selenium have been 
regarded either as metallic or non-metallic. It is difficult to suggest any 
broad chemical distinction between the two classes. As a general rule, non- 
metallic bodies produce, in combining with oxygen, either acids or neutral 
oxides ; they do not form any salifiable base. Water may be regarded as 
an exception to the remark : since, although a neutral oxide, it is believed 
by most chemists to act, in some instances, the part of a base to acids, and 
is known as basic water. Hydrogen therefore ranks with the metals as a 
basylous body, and takes the first place as an electro-positive. On the other 
hand, the metals, while they produce acids in combining with oxygen, also 
produce alkalies, earths, and oxides ; in fact, they are the chief source of the 
bases from which salts are formed. 

English writers commonly enumerate as non-metallic 13 out of the 65 
elementary bodies known to science. They comprise 4 gaseous, 1 liquid, 
and t solids, with 1 the physical state of which is unknown. They are con- 
tained in the subjoined list :- — 



Oxygen 




Bromine (liquid) 


Phosphor! 


JS " 


Hydrogen 


o 


Fluorine (unknown) 


Carbon 




NiTEOGEN 


1 


Iodine ^ ^ 


Boron 




Chlokine ^ 


^ 


Sulphur > ^ 
Selenium] "" 


Silicon 


J 



The symbols and atomic weights of these bodies will be found at page 63. 

Distinction of Gases and Vapors. — The gaseous, liquid, or solid state, is 
well known to be a physical condition of matter, depending on the heat 
associated with the atoms of the solid or liquid. By heating a solid, we 
may cause it to pass through the liquid and vaporous conditions. Thus 
camphor placed in a retort and heated to 34t^ melts or passes to the liquid 
state. If the temperature be raised to about 400°, it is rapidly converted 
into a transparent vapor or gas, which is deposited in white flocculent masses 
on all cold surfaces. Thus distilled from a short retort' into a long jar placed 
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upright, it forms a beautiful illustration of the solidification of a vapor by 
cooling. Ether is, at ordinary temperatures, a liquid : if cooled to about 
• — 24^ it becomes a solid like camphor ; but if the liquid be heated to 96°, 
it is entirely converted to vapor or gas, having at and above this tempera- 
ture all the physical properties of a gas. The best method of proving this 
is to invert in a wide dish of water, heated to above 100'^, a small gas-jar 
filled with water at this temperature. If a tube containing liquid ether be 
opened under the mouth of the jar in the hot water, the ether will pass into 
the vessel as gas or vapor, and displace the water. The jar may be removed, 
and the contents inflamed by a lighted taper, when it will be seen to burn 
like coal-gas. If another jar be similarly filled with the vapor, and trans- 
ferred to a basin of cold water, or if cold water be simply poured over it, the 
gaseous contents will be condensed, the ether will be liquefied, and the cold 
water will rise and fill the jar. 

Liquefaction of Gases. — Experiments conducted on these principles led 
Mr. Faraday to the remarkable discovery that a large number of gases are 
merely the vapors of liquids or solids. It is a well-known fact, that when 
any gas is submitted to sudden and violent pressure, great heat is given out. 
A small volume of air, suddenly compressed, evolves so much heat as to 
ignite inflammable substances. Thus a piece of amadou, or German tinder, 
may be kindled by the sudden compression of a few cubic inches of air in a 
dry and warm glass cylinder. If, therefore, a gas is submitted to pressure, 
and at the same time cooled as it is compressed, the conditions are such as 
to cause it to pass into the liquid state. 

With some gases no pressure is necessary— mere cooling will be found 
sufficient. Sulphurous acid is a gaseous body, at all temperatures above 
14°. When cooled to this temperature, it is immediately liquefied. If 
sulphurous acid gas in a dry state be passed through a tube immersed in a 
freezing-mixture of pounded ice and salt, it will be condensed as a liquid in 
the bend of the tube, and if the horizontal portions be drawn out in a capil- 
lary form in the first instance, the liquefied gas, when condensed, may be 
sealed up and preserved. If the tube be broken, the liquid will rapidly pass 
to the gaseous state, producing a great degree of cold. , Under sufficient 
pressure, the amount of which varies with each gas, some of these bodies 
may be liquefied without cooling, and the pressure may be produced by the 
gas itself. 

The solid crystalline hydrate of chlorine (Cl+IOHO)' inclosed in a stout 
bent tube sealed, yields, when gently heated, chlorine liquefied by its own 
pressure, forming about one-fourth of the liquid obtained in the cool part of 
the bent tube. The liquefaction of ammonia may be performed in like 
manner, by saturating dry chloride of silver with the gas, and introducing 
this into a stout glass tube bent at an obtuse angle and securely sealed. The 
ammonio-chloride of silver melts at about 100°. The ammonia is evolved, 
and may be condensed to a liquid by cooling the other end of the tube. The 
ammonia is reabsorbed by the chloride on cooling, so that this experiment 
may be repeated any number of times (Mitscherlich). If a substance like 
cyanide of mercury, capable of yielding ten cubic inches of gas, is inclosed in 
a stout tube of one cubic inch capacity, the gas, when evolved, will be under 
a pressure of ten atmospheres (15x10), or 150 pounds oh the square inch, 
a pressure quite sufficient to make it assume the hquid state. Faraday thus 
condensed many of the gases by merely exposing them to the pressure of 
their own atmospheres. He placed the materials for producing them in 
strong glass tubes, a little bent in the middle, and hermetically sealed. Heat 
was then applied to the substance ; and when the pressure within became 
sufficient, the liquefied gas made its appearance in the empty end of the 
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tube, which was artificially cooled to assist in the condensation. In these 
experiments much danger may be incurred from the occasional bursting of 
the tubes ; so that the operator should protect his face by a mask, and his 
hands by thick gloves. The greatest caution should be always observed in 
performing the experiment. Faraday succeeded in liquefying the following 
gases, which, as will be seen, required various degrees of pressure for the 
purpose. 

Pressure in -p, , Pressure in ^ , 

Atmospheres. ^^^^- Atmospheres. ■^'^"^• 

Sulpliurous acid ... 2 at 45° Sulphuretted hydrogen .17 at 50° 

Chlorine ...... 4 " 60 Carbonic acid .... 36 '' 32 

Cyanogen 4 " 60 Hydrochloric acid . « . 40 ^' 50 

Ammonia . . . . . . 6*5 " 40 Nitrous oxide .... 50 " 45 

Faraday subsequently succeeded in liquefying olefiant gas and fluosilicic 
acid, and in solidifying hydriodic and hydrobromic acid gases, oxide of chlo- 
rine, and protoxide of nitrogen (Phil. Trans,, 1823 and 1845 ; also Bunsen, 
Bibliotheque Vniverselle, 1839, vol. 32, p. 105; and Poggend. Ann., vol. 12, 
p. 132). 

By employing a bath of solid carbonic acid and ether, Faraday produced 
a degree of cold amounting to —106° in the open air, and — 166° in vacuo. 
By exposure to a cold of- — 106° without pressure, the following gases were 
liquefied :— 

Chlorine. Hydriodic acid. 

Cyanogen. Hydrobromic acid. 

Ammonia. Cai'bonic acid. 

Sulphuretted Hydrogen. Oxide of chlorine. 

With the aid of powerful condensing pumps, and a cold of — 166°, all the 
gases excepting six were liquefied, and those above-mentioned were solidified, 
as well as the protoxide of nitrogen. Carbonic acid is, however, readily 
obtained in the solid state as the result of the cold produced by the sudden 
escape of its own vapor. The six which resisted liquefaction at this low 
temperature, and under a pressure varying from 500 to ^50 pounds on the 
square inch, were the following :— 

Oxygen. Nitrogen. Deutoxide of nitrogen. 

Hydrogen. Carbonic oxide. Coal-gas. 

It will be perceived that of these, three are simple and three are compound 
gases. In employing a mixture in vacuo of liquid protoxide of nitrogen and 
sulphide of carbon, batterer succeeded in producing a degree of cold equal 
to — 220°, but without any effect upon these six, gases. Dr. Andrews reported 
to the British Association (Sept. 1861), that by pressure alone he had 
succeeded in reducing oxygen to l-324th of its volume, and by pressure with 
a cold of — >106°, to l-554th of its volume ; and atmospheric air by pressure 
and cold to l-6t5th, in which state its density was little inferior to that of 
water (the difference between air and water at 60° being 814.) Hydrogen 
was condensed by similar means to l-500th, carbonic oxide to l-2l8th, and 
deutoxide of nitrogen to l-680th. The gases were compressed in the capillary 
ends of thick glass-tubes, so that any physical change they might undergo, 
could be easily observed. When thus highly condensed, they were not lique- 
fied ; hence, although these six gases are probably the vapors of liquids, they 
must be regarded at present as 'permanent gases, since cold and pressure 
conjoined, and carried to the utmost limits, do not cause them to assume the 
liquid condition. 

From these facts, we learn that the greater number of gases, simple and 
compound, are the vapors of liquids and solids. They differ from ordinary 
vapors simply in the fact, that the boiling points of their liquids are far below 



PHYSICAL PROPERTIES OF GASES AND VAPORS. 15 

the ordinary temperature of the atmosphere ; hence they only admit of con- 
densation by artificial cooling. A true vapor, like that of ether, is condensed 
on its production, because the temperature of the air is below its boiling- 
point, 96^ : it requires no artificial cooling for its condensation. In any 
part of the earth in which the temperature was 96^, ether would be a per- 
manent gas, unless kept under pressure; while in any part where the temper- 
ature did not exceed 14^^, sulphurous acid gas would always exist as a liquid. 
The difference between vapors and gases is therefore merely a physical 
difference dependent on temperature, A gas is permanently that which a 
vapor is temporarily. 

The sulphide of carbon as a liquid is stated to resist a very low degree of 
cold without solidifying. The intense cold produced by its evaporation is, 
however, sufficient to bring the evaporating liquid to the solid state. Pour 
a small quantity of sulphide of carbon into a watch-glass. Place a few fibres 
of asbestos on a slip of filtering paper, so that one end may be immersed in 
the liquid, and the other passed freely over the edge of the glass. In a few 
minutes the projecting end will be fringed with a snow-like deposit of a soli- 
dified vapor. This may serve as an illustration of the cooling process by 
which solid is obtained from liquid carbonic acid. 

The laws which govern gases also govern vapors, so long as they have a 
temperature above the boiling-points of their respective liquids. 

Physical Properties of Gases and Vapors.- — Gases have no cohesion. 
Their volume is determined by the capacity of the containing vessel ; and it 
is remarkably affected by slight changes in temperature and pressure. (The 
rules for calculating changes in volume from these causes will be found in 
the Appendix). Ilnless gases are confined within a closed space, as in 
caoutchouc or bladder, or in a gas-jar inverted in water, we can have no 
knowledge of their materiality, or of the fact that they exclude other bodies 
from the space which they occupy. When secured in membranes, they mani- 
fest remarkable elasticity ; they are easily compressed into a smaller bulk, but 
immediately resume their original volume on the removal of the pressure. 
They gravitate, and therefore have weight ; but as they are light compared 
with their bulk, their weights are generally given for 100 cubic inches (nearly 
one-third of a gallon). Owing to their great elasticity, their volume is 
affected by the height of the column of liquid in which they are standing, as 
well as by the density of the liquid itself. Thus a gas admits only of accurate 
measurement in a graduated vessel, when the liquid on the outside of the jar 
is precisely on a level with the liquid on the inside. If the level in the inside 
be higher, the gas is under diminished pressure from the gravitating force of 
the column of liquid ; and the contents of the graduated jar, as read off in 
cubic inches, appear greater than they really are. If by pre^ssing the vessel 
downwards, the level on the inside is below that on the outside, the gas is 
under increased pressure, and the contents are less than they appear to be. 
The substitution of water for mercury makes a considerable difference in the 
volume of a gas. Fill a long stout tube with mercury, and invert it in a 
basin containing just enough mercury for this purpose. Allow two or three 
cubic inches of air to pass up the tube, and then mark the level of the mercury. 
Now pour into the basin, water colored with litmus, or indigo, and then raise 
the tube into the colored water, so that the mercury may flow out. As it 
flows out, the water takes its place, and it will be found when the substitution. 
is complete, that the gas now has only from one-third to one-half of the 
volume which it had when over the mercury. The inside column of mercury 
gravitates with more force than that of water, and the expansibility of the gas 
allows it to occupy a larger space. Over water the gas "contracts nearly to 
its proper bulk. 
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The following experiments will illustrate the effects of atmospheric pressure 
on the volume of gases. Tie securely a piece of thin caoutchouc over the 
mouth of a wide short jar. Place it under a receive.r on the air-pump plate, 
and exhaust the vessel. As the pressure of the air is removed from the inte- 
rior, that which is contained in the vessel expands and raises the caoutchouc 
considerably. This phenomenon disappears on letting the air pass into the 
receiver. — Adjust a small bladder with a leaden weight, so that it will just 
sink, in a tall jar of water. Place this under a receiver, as in the preceding 
experiment, and withdraw the air. The air in the bladder expands by removal 
of pressure from the surface of the water, and the bladder instantly rises to 
the surface, by reason of the increased volume of its contents. On letting in 
the air, it again falls to the bottom of the vessel. — The effect of heat may be 
shown by various experiments. Invert a long tube, having a thin bulb, of 
about three inches' diameter, at one end, the other, or open end, being im- 
mersed in a solution of litmus contained in a bottle. Heat the bulb by a 
spirit-lamp to expel some of the air, when, on cooling, the colored liquid will 
rise to one-third or one-half the height of the tube. This will now serve as 
a delicate air-thermometer. On applying the warm hand to the bulb, the 
increase in the volume of air will be at once perceptible by the descent of the 
colored liquid in the tube ; and the contraction or diminution of volume by 
cold may be shown by pouring a little ether over the bulb. The cold pro- 
duced by the evaporation of this liquid, condenses the contained air, and the 
colored liquid rises in the tube.— -Heated air, by reason of the increase of 
volume, is lighter than cold air. Balance on a scale-beam a thin glass shade 
of some capacity, with the open end downwards. Place a spirit-lamp under 
the shade; the increase in vdiime and diminution of weight in the heated air 
are at once manifested by the rising of the shade. Again, a small bladder 
so balanced with lead as just to sink in cold water, will, by the expansion of 
air in the bladder, rise to the surface if placed in a jar of hot water. . . 

Pressure and temperature, within very slight limits, affect all gases equally, 
whether compound or simple, however they may differ from each other in 
density. There is, however, a peculiarity in the expansion of gases by heat, 
whereby they are distinguished from liquids. The same quantity of heat will 
expand a gas, in an equal degree, at a high and a low temperature ; but with 
liquids the expansion is, for the same quantity of heat, proportionably greater 
at high than at low temperatures. 

It has been ascertained by Dalton and Gay-Lussac that 1000 measures of 
dry air, when heated from the freezing to the boiling point of water, undergo 
an increase in bulk about equal to 375 parts ; so that 1000 cubic feet of air 
at 32^ become dilated to 1375 cubic feet at 212°. Air, therefore, at the 
freezing-point expands ^fl^o^h part of its bulk for every added degree of heat 
on Fahrenheit's scale (for 375^180 = 2-08, and 1000^2'08=:480j. Hence, 
assuming that the volume of air is 480 cubic inches, thus, 

480 cubic inches, at 32°, become 

481 « at 33°, 

482 « at34°, &c. 

increasing one cubic inch for every degree. A contraction of one cubic inch 
occurs for every degree below 32°: thus, 

480 cubic inclies, at 32°, become 
479 " at 31°, 

478 " at 30°, &c. 

The volume of air, therefore, at 32° would be doubled at 480°, and tripled 
at 960°: the latter temperature being about that of a dull red heat. Steam, 
and all other vapors, when heated out of contact of their respective fluids, 
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are subject to laws of expansion similar to those of air. It may be remarked, 
in regard to the expansion sustained by gases as a result of increase of tem- 
perature, that/although great in amount, the actual force which is thus 
exerted is small (when, compared with that of solids and liquids under the 
same circumstances), in consequence of their extreme elasticity : thus, 
although the volume of air (or of vapor) is about tripled by red heat, vessels 
easily sustain the pressure. 

(For the determination of the increase and decrease of volume as a result 
of changes of temperature, see Appendix.) 

Incandescence. — It is a remarkable fact, that gases which appear of such an 
attenuated nature, can, even when brought almost to a state of vacuum, be 
rendered incandescent by the high temperature of the electric spark. No 
oxygen is present, therefore there can be no combustion. Hydrogen, nitro- 
gen, sulphurous acid, and other gases, inclosed in tubes through which the 
electric spark from Ruhmkorff^s apparatus is discharged, evolve an intense 
light as the result of incandescence ; and this light not only presents a difter- 
ent color for each gas in its vacuous state, but it is resolvable into a spec- 
trum of colored bands of difi'erent degrees of refrangibility. Thus when pure 
hydrogen is placed in a tube, which is afterwards brought almost to a state 
of vacuum by an air-pump, it is found that under a discharge from the coil, 
a fine ruby red light is evolved; while the nitrogen vacuum, under similar 
circumstances, gives a magnificent violet light (Miller). The spectra pro- 
duced by the lights of these gases are singularly contrasted ; while the nitro- 
gen spectrum includes rays of high refrangibility, that of hydrogen contains 
only rays of low refrangibility, and these have scarcely any action on the 
collodio-iodide of silver. 

Specific Gravity. — Density. — Gases and vapors vary in specific gravity. 
As a general rule, the air is taken as a standard, and. all gases are compared 
with it under similar circumstances of temperature, pressure, humidity, 
dryness, &c. The lightest of all gases is hydrogen, which is 14*4 times 
lighter than air. Among the heaviest is the vapor of iodine, which is, bulk 
for bulk, nearly 9 times as heavy as air. The greater nun^ber of simple and 
compound gases are of about the same weight as air, or a little heavier: 
(The rules for calculating the specific gravity of gases and vapors will be 
found in the Appendix.) It has been proposed to substitute hydrogen as 
a standard of comparison instead of the atmosphere, because it is the lightest 
of the gases, aqd it will place the equivalent weights and specific gravities 
of these bodies, with few exceptions, in a uniform relation ; but we do not 
take naphtha as the standard for the specific gravity of liquids, nor lithium as 
the standard for solids ; and the selection of air for gases, and. of water for 
liquids and solids, has been so confirmed by long use, that any change would 
be attended with great inconvenience. A volutne of air may be obtained for 
the purpose of weighing, with much greater certainty than a volume of pure 
hydrogen, not to mention that for equal weights nearly fifteen times as much 
hydrogen as air must be taken in one experiment — thus increasing the 
chances of error. Gerhardt and others, who have advocated this change to 
suit an hypothesis, have entirely forgotten that if the standard is changed for 
specific gravity, it will entail a change for specific heat, the refractive power 
of gase^, the law of difl'usion, &c., in reference to which, air is now univer- 
sally taken as a standard. 

Specific Reat.^—Bj this it is to be understood the proportional quantity of 
heat contained in equal weights of different gases at the same thermometric 
temperature. The absolute quantity of heat contained in two gases, as well 
as in two liquids, at the same temperature, is very difi'erent. A thermometer, 
in fact, can only show the relative quantity present. Gases are equally 
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expanded or increased in volume by equal additions of heat ; but unequal 
quantities of heat will be required to raise them to the same degree ; and 
for this reason unequal quantities will be given out by them in cooling from 
a high to a low temperature. 

When equal weights of different gases, heated at 212^, are passed slowly 
through a glass tube immersed in cold water, the temperature of the water is 
raised while the gas is. cooled. The relative heating power of gases has 
been thus measured and tabulated— atmospheric air being taken as the 
standard of comparison :— 



Hydrogen 


. 12340 


Air .... 


. 1000 


defiant gas . 


. 1576 


Protoxide of Nitrogen . 


. 887 


Carbonic oxide 


. , 1080 


Oxygen . . 


. 884 


Nitrogen 


. 1031 


Carbonic acid . . . 


. 828 



These figures represent the specific heat or the capacity for heat of 
different gases. As each compound gas has its own specific heat, without 
reference to the specific heats of its constituents, it follows that this physical 
property of gases, may be occasionally applied to distinguish a gaseous 
chemical compound from a gaseous mixture. It has been thus applied to 
the constituents of the atmosphere. 

Light. -^Qsises exert a refracting power on light peculiar to each, and the 
refracting power of a compound gas is not equal to the mean refracting 
powers of its constituents. The refracting powers of the subjoined gases 
have been determined by Biot and Arago, and are as follows :— air being the 
standard. 



Hydrogen 
Ammonia 

Carburetted hydrogen 
Hydrochloric acid 



6614 Nitrogen .... 1034 

2168 Carbonic acid . . . 1004 

2092 Air .... . 1000 

1196 Oxygen . . . ,861 



Hydrogen has the highest and oxygen the lowest refracting power among 
these gases. 

Light, like the electric fluid or heat, has in some instances a combining 
power over gases. Thus a mixture of chlorine and hydrogen is converted 
to hydrochloric acid with explosion, when exposed to the direct rays of the 
sun or any intense light, as the oxyhydrogen or lime light ; but more slowly 
and gradually in diffused light, such as daylight. Bunsen and Roscoe have 
ingeniously made the rate of combination a measure of the in^tensity of light 
for photometrical purposes, and have thus been able to institute numerous 
comparisons on the relative intensities of artificial lights and the light of the 
sun. This combining power resides in those rays of the spectrum which are 
near to the more refrangible colors, the violet and blue ; although not visible 
in the ordinary spectrum, they may be made visible by uranium glass. 
"When exposed to the yellow, orange, or red rays, the two gases show no 
tendency to combine. This is in accordance with the action of light on the 
salts of silver. 

Magnetism.— Yareid'dj has discovered that there is a difference among 
gases, as to their magnetic properties, when secured in glass tubes and deli- 
cately suspended in the field of a powerful artificial magnet. Of the following 
gases, four were found to be magnetic, taking up a north and south position 
(axial) like the common magnet; while three were diamagnetic, taking up a 
position at right angles, or east and west (equatorial). In measuring the 
intensity of this power, it was found that a vacuum in the glass tube was 0*0, 
and that oxygen manifested the greatest magnetic force. The following 
Table represents the relative intensities :— 
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Oxygen . 


. 17-5 "1 o Carbonic acid 


. 0-0 




Air . 


. 3*4 , % Hydrogen 


. 0-1) 


, o 


defiant gas 


. 0-6 f |o Ammonia 
. ^ . 0*3 J 3 Cyanogen 


. 0-5 




Nitrogen . 


. 0-9 J 


a 




A Vacuum, 0*0. 







[The reader will find in the Appendix a Table of the principal gases and 
vapors and their compounds, representing in a concise form their combining 
volumes, atomic weights, specific gravity, and the weight of 100 cubic 
inches.] 

Diffusion.— -There is a property of gases which is known under the name 
of diffusion. ■ This implies a power by which they intermingle with each 
other in spite of a difference in specific gravity, and when they have no 
tendency to combine chemically. If we half fill a bottle with mercury, and 
pour upon this, ether — it is well known that the two liquids do not combine 
chemically, and that there is a great difference in their specific gravities. 
Hence, it is hardly necessary to observe, that however long these liquids 
may be in contact in a closed bottle, the mercury will not rise into the ether, 
nor will the ether descend into the mercury. Further, if shaken together 
and thus mixed, they will in a few minutes be completely separated according 
to their specific gravities. Carbonic acid and hydrogen among gases have 
no tendency to form a chemical union, and they differ more from each other 
in specific gravity than mercury does from ether. Invert ajar, well-ground, 
containing hydrogen, on a similar jar which it will accurately fit, placed 
below — containing carbonic acid. After from five to ten minutes' contact 
at the ordinary temperature, carbonic acid will be found in the upper jar 
(by the appropriate test, lime-water), and hydrogen will be found in the 
lower (by the application of a lighted taper and the combustion of the gas). 
If this experiment is performed in bottles, it will be found that the two gases 
when once mixed will never again separate. If light hydrogen or coal-gas 
be thus placed over a jar of air, the light gas will descend, and render the 
air explosive. Air is one-third lighter than carbonic acid ; air will support 
combustion, and it has no effect on lime-water. If a jar of air be placed 
over one of carbonic acid — in a few minutes the heavy" carbonic acid will 
have risen into the air, a fact proved by lime-water being precipitated white, 
and a lighted taper being extinguished in the upper jar. This property of 
gases applies also to vapors, and it leads to a uniformity of mixture^ on 
contact, when there is no tendency among them to combine chemically. 
Such mixtures are of a physical nature, and their properties are always 
represented by the sum of the properties of their constituents. During 
mixture, there is no evolution or absorption of heat, and no increase or 
contraction of volume. The atmosphere itself forms a remarkable example 
of a mixture of this kind. There are numerous facts in chemistry illustrative 
of this property. That a gas like ammonia, with a specific gravity of 0-68Y, 
should rapidly diffuse itself, and rise through the air is not surprising ; but 
it may be proved to fall as well as to rise, or, in other words, to diffuse itself 
in all directions. Place a long (stoppered) shade with its open end in a 
plate. Suspend from the stopper long strips of dry test-paper for alkalies, 
e. g.^ reddened litmus, turmeric, and rose. Now pour on the plate a few 
drops of a strong solution of ammonia, or open a small jar containing 
ammonia beneath, the ascent and diffusion of the gas will be indicated by 
the progressive change of color in the papers as it ascends. By another 
method of proceeding, the diffusion downwards may be proved. Place a 
similar shade in a clean plate containing slips of the various test-papers. 
Remove the stopper of the shade and place over it a small jar containing a 
few cubic inches of ammonia. In the course of a few minutes the descent 
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(or diffasion) of the light alkaline gas will be indicated by a change of color 
in the papers. The specific gravity of sulphuretted hydrogen gas is I'H. 
A few cubic inches of this will, in spite of its greater density, diffuse itself 
in the air, and be perceptible in a few minutes in tverj corner of a large 
apartment. The same is true of other gases which are not perceptible to 
smell. The vapor of ether is, perhaps, more remarkable in this respect. Its 
specific gravity is nearly 2*6. In spite of this great density, the diffusibility 
of ether vapor is so great, that on opening a bottle containing the liquid, the 
odor of the escaping vapor will be in a few minutes perceptible over a large 
space. Even metallic vapors, such as that of sodium, are observed to have 
this diffusible property. Bunsen found that a small piece of sodium burnt 
in the corner of a room produced a vapor which was easily detected at the 
most distant part of the room by the coloring of an invisible jet of gas, and 
by the spectrum obtained from this light (p. 22). The great natural result 
of this property, is to equalize mixtures of gases and vapors, and, in open 
spaces to prevent an accumulation of foul effluvia in the air. 

It must not be supposed, however, that specific gravity has no influence 
on diffusion. On the contrary- — the heavy carbonic acid escapes slowly by 
diffusion from a narrow jar placed with its mouth upwards, while the light 
hydrogen also escapes slowly from a similar jar placed with its mouth 
downwards. 

A curious fact regarding this property, however, is, that it is manifested 
not only when the sole communication between the two gases is by a narrow 
tube, but when, they are separated by porous partitions, such as dry plaster, 
animal membrane, caoutchouc, cork, or spongy platinum. Dobereiner first 
observed the readiness with which hydrogen escaped through a small crack 
or fissure in a glass jar which had been filled with the gas. The water rose 
three inches in a jar from which the gas had thus escaped, clearly proving 
that the hydrogen had not been replaced by an equal quantity of' air passing 
into the jar. According to Longet, hydrogen will traverse a sheet of writing 
paper or even gold leaf. 

Mr. Graham, on examining Dobereiner's results, observed that while the 
hydrogen escaped outwards, a portion of air, amounting to between one- 
fourth and one-fifth of the lost hydrogen, penetrated inwards; in fact, that a 
volume of air was not replaced by a volume of hydrogen, but by 3-83 volumes. 
He also found that every gas had what he calls a diffusion-volmne peculiar 
to itself, representing the amount in which it was exchanged for a volume of 
air— air being considered = 1 or unity. The diffasion^volume was further 
found to depend on the sp. gr. of the gas. Of gases lighter than air, the 
diffusion-volume is greater than 1 ; of those which are heavier, it is less than 
1. The following table represents the diffusion- volume or the velocity of 
diffusion among different gases : — 

Hydrogen . . 

Light Carb. Hyd. (CHO 
Carbonic oxide 
Nitrogen 
Olefiant gas . 

An experiment illustrative of the rapid diffusion and endosmosis, as w^ell 
as exosraosis of gases, may be performed with hydrogen. Fill a wide- 
mouthed jar with pure hydrogen, and secure the mouth (placed downwards) 
with a piece of thin sheet caoutchouc. Then place the jar, mouth upwards, 
under a bell-glass of air immersed in water. The rapid diffusion and exos- 
mose of hydrogen will be indicated by the caoutchouc cover being gradually 
depressed, and after a time it will burst. This is owing to the place of the 
hydrogen not being supplied with sufficient rapidity by the passage of air. 



3-83 


Oxygen . . 


. 0-94 


1-34 


Sulph. Hyd. (HS) 


. 0-95 


1-01 


Protoxide of Nit. (NO) . 


. 0-82 


1-01 


Carbonic acid 


. 0-81 


1-02 


Siilplmroiis acid . 


. 0.68 
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If a similar jar is filled with air and placed in a bell-glass of hydrogen, the 
caoutchouc will rise up in a convex form, showing that the gaseous contents 
of the jar have greatly increased by the rapid endosmose of hydrogen. 

A layer of animal membrane (bladder) may be substituted for caoutchouc 
with similar results. The fact that gases will thus traverse membranes which 
would be impervious to them without rupture under direct pressure, has an 
important bearing on numerous chemical and physiological phenomena. The 
function of respiration is partly dependent on the exchange of gases by dif- 
fusion. The oxygen of the air taken into the lungs in all warm-blooded 
animals, penetrates the fine pulmonary membrane, as well as the thin coats 
of the capillaries ; and it there excludes the carbonic acid of the venous blood. 
Besides carbonic acid, aqueous vapor containing animal matter is also largely 
eliminated. Hence the chief phenomena of respiration are due to an endos- 
mose of oxygen and exosmose of carbonic acid, which takes its place. Car- 
bonic acid has been found to escape from blood which was drawn from, a 
vein into a vessel containing hydrogen ; thus proving that the blood contains 
carbonic acid in a free state, and that it is not produced by the combination 
of oxygen with carbon in the blood circulating through the lungs. 

Gases and vapors which admit easily of detection by chemical tests may 
be proved to traverse membranes with great rapidity. If a wide-mouthed 
bottle is filled with sulphuretted hydrogen gas, and the mouth is completely 
closed by a layer of bladder tied tightly over it, it will be found, by the 
application of paper impregnated with a solution of a salt of lead, that the gas 
rapidly escapes through the bladder. The paper is turned brown. 

If into a similar vessel a small quantity of prussic acid is put, and the 
mouth is secured by bladder, the rapid escape of the acid vapor will be 
indicated by inverting on the bladder a watch-glass containing a drop of a 
solution of nitrate of silver. The solution is whitened in a few minutes, and, 
crystals of the cyanide of silver will be formed in the watch-glass. 

The first of the simple gases which will require examination is Oxygen. 



CHAPTER VI. 

OXYGEN (0 = 8)— OXIDES — OXIDATION, 

History. — Oxygen — one of the six permanent gases, was discovered by 
Priestley in the year lYt4. He obtained it by heating the red oxide of 
mercury. He called it dephlogisticated air; it was termed empyreal air bj 
Scheele, and vital air by Condorcet. The name oxygen was given to it by 
Lavoisier, from its tendency to form acid compounds {6%v^, acidj and ysrvdi^^ 
to generate). It is more abundantly diffused throughout nature than^any of 
the other elementary bodies; it forms eight-ninths of the weight of* water, 
one-fifth of the weight of the atmosphere, and a large proportion of the 
mineral bodies of which the crust of the globe is composed. Oxygen is a 
constituent of a large class of acids — the oxacids, which are solid, liquid, and 
gaseous compounds. It is a constituent of all the alkalies, excepting am- 
monia, and of the alkaline earths ; and it enters largely into the corapositioii 
of numerous organic substances belonging to the animal and vegetable 
kingdoms. 

Preparoiion.-^Thh gas may be readily procured by heating in an ordinary 
retort; by means of a spirit-lamp, a mixture of equal parts of finely powdered 
6 
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peroxide of manganese, previously well dried, and of chlorate of potash. The 
oxygen is entirely derived from the decomposition of the chlorate, which is 
converted into chloride of potassium (K0,C10.==KCl + 0(5). The gas may 
be collected in the usual way over water or mercury. As it is thus procured, 
it generally contains traces of chlorine, which 'may be separated by passing 
the gas, during its collection, through a wash-bottle containing a solution of 
potash, or by allowing the gas to remain for a short time in contact with 
water. One hundred grains. of the chlorate will yield thirty-eight grains, = 
about 113 cubic inches of oxygen : or one ounce will yield nearly two gal- 
lons of the gas. This is in the proportion of about twenty-eight gallons of 
gas to one pound of the salt. A mixture in fine powder, of ten parts by 
w^eight of chlorate of potash with one part of sesquioxide of iron, has been 
recommended by Mr. Ashby as superior to the mixture with manganese, in 
the facility wdth wdiich oxygen is disengaged, and the great economy of heat. 
Every grain of this mixture yields a cubic inch of the gas. 

Oxygen may also be procured by heating the chlorate of potash sepa- 
rately ; but this process requires a much higher temperature, and the employ- 
ment of a retort or tube which will not readily fuse. This is, however, the 
■ only method of procuring the gas absolutely pure for chemical purposes; it 
should then be collected over a mercurial bath. 

Oxygen is obtained on the large scale by gradually heating to full redness 
in a wrought-iron bottle the black oxide of manganese reduced to a coarse 
powder. The bottle should be filled to not more than two-thirds of its capa- 
city, and the heat gradually applied. In the first stage of the operation, 
aqueous vapor and carbonic acid escape; when an ignited match is kindled 
into a bright flame at the mouth of the tube connected with the bottle, the 
gas may be collected. The chemical changes which ensue are of a simple 
kind (SMnOg^MngO^-f O3). The oxide of manganese, at a full red heat, parts 
with one-third of its oxygen. Mitscherlich states that three pounds will 
yield a cubic foot (six gallons) of oxygen; while Dr. Miller assigns five gal- 
lons as the quantity obtained from one pound. This difference probably 
depends on the impurities contained in the native oxide. Among these is 
carbonate of lime, which contaminates with carbonic acid, the oxygen obtained 
from manganese. The carbonate may be removed by previously washing the 
mineral with diluted hydrochloric acid ; and if it is subsequently dried before 
use, oxygen will be obtained from it in a much purer form. Another method con- 
sists in mixing the peroxide with sulphuric acid in such proportions as to be 
of the consistency of cream, and heating the mixture, when oxygen is evolved 
(Mn02-}-S03=*MnO,S03+0) ; but there are some inconveniences attending 
this process. The bichromate of potash heated with an excess of sulphuric 
acid also yields this gas (KO,2Cr03+5(HO,SO.,)-:KO,HO,2S03 4-Cr,03 
3S03-f 4IIO + O3), one-half of the oxygen contained in the chromic acid 
being evolved in this decomposition. Oxygen may be procured from the red 
oxide of mercury by heating it to redness in a retoi^t (B[gO = + Hg). 
This is an expensive method of procuring the gas, and it is now seldom re- 
sorted to ; but it has an interest to the chemist from its having been the com- 
pound in which this important element was first discovered by Dr. Priestley. 

Among recent processes for procuring oxygen, two are deserving of notice. 
1. The first depends on the production and decomposition of the peroxide of 
barium. The peroxide is procured by passing a current of air, deprived of 
carbonic acid, over baryta heated to low redness in a porcelain tube. If the 
air is not too dry, oxygen is absorbed by the baryta at a low red heat, and 
the barium becomes peroxidized. The presence of a small quantity of aque- 
ous vapor in the air is found to be absolutely necessary to this absorption. 
When the peroxidation is completed, the current of air is cut off, the tube is 
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heated to full redness, and at this high temperature the peroxide is resolved 
into oxygen and protoxide, or baryta. The oxygen may be collected, and 
the baryta again peroxidized for a fresh supply. According to Boussingault, 
a pound of baryta will thus yield about nine gallons of oxygen gas. The 
baryta itself remains unchanged during the process. This is the only method 
at present known by which pure oxygen, in the gaseous state, can be readily 
procured from the atmosphere. 2d. Oxygen has been obtained by causing 
the vapor of boiling sulphuric acid to pass through a porcelain tube heated 
to full redness. The retort containing the sulphuric acid is filled with pieces 
of pumice previously heated with the acid to drive off any chlorides, and the 
porcelain tube contains the same material. At a full red heat, the products 
obtained are oxygen, aqueous vapor, and sulphurous acid (S03,H0=0 + 
HO-I-SO2). The sulphurous acid is removed by water or by a solution of 
carbonate of soda, through which the gaseous products are passed. Two 
useful salts of soda are thus procured — 1, the sulphite employed in the m?tnu- 
facture of hyposulphite ; and 2, bisulphite of soda, a salt now much used in- 
chemistry and the arts for the removal of chlorine. This process has been 
carried out on a large scale by MM. St. Clair-Deville and Debray, and it is 
stated, with satisfactory results {Journal de Chimie, Mai, 1861). M. de 
Luca, of Pisa, agrees with these chemists in considering that this is the most 
economical process for obtaining oxygen on a large scale. From a fluid 
ounce of sulphuric acid M. de Luca states that he procured 360 cubic inches 
of oxygen. On the large scale, vessels of platinum must be used {Cosmos, 
July, 1861, p. 9't). 

Projjerties. — Oxygen gas isinsipid, colorless, and inodorous ; it is perma- 
nently elastic under all known pressures and temperatures. Its specific gravity 
compared with air, is as 1 "105^ to 1 '000. Compared with hydrogen, its specific 
gravity is —16, hydrogen being =1. At mean temperature and pressure, 100 
cubic inches weigh 34 "24: grains (Dumas and Boussingault). Its refractive 
power, in regard to light, is less than that of any of the gases ; compared in 
this respect with atmospheric air, it is as 0-830 to I'OOO. According to De la 
Iloche and Berard, its specific heat, compared with an equal volume of air, is 
= 0-9165, and with an equal weight of air, = 0'8848, that of air being ==I-000. 
According to Tyndall, it has, in reference to heat, a lower absorbing and 
radiating power than other gases. Faraday's researches have shown that it 
is the most magnetic of all gases, its magnetic force compared with that 
of the atmosphere being as 17-5 to 3'4, a vacuum being taken as 0, or the 
boundary between magnetic and diamagnetic gases {see page *I9). It occu- 
pies, among gases, the place which iron holds among metals, and, as with 
iron, its magnetic force is destroyed by a high temperature ; but it returns 
on cooling. The magnetic properties of the atmosphere are almost exclusively 
due to the oxygen contained in it, and Faraday has suggested that the diurnal 
variations of the needle may be referable to the increase or decrease qf the 
magnetic force in tfte oxygen of the atmosphere as a result of solar heat. 
Oxygen is evolved by electrolytic action at the positive electrode or anode, 
and occupies a high position among electro-negative bodies or anions {see 
page 56). 

It is dissolved by water, but only in small proportion. At 60°, 100 cubic 
inches of water will dissolve 3 cubic inches of the gas, and at 32°, about 4 
cubic inches. AH terrestrial waters hold it dissolved in much larger propor- 
tion than it exists in the atmosphere ; and in this condition as a solution of 
oxygen, it is fitted for the respiration of fish, the blood of these animals, in 
circulating through the gills, being aerated by the free oxygen dissolved in 
the water. Oxygen in its pure state is neither acid nor alkaline. It is a 
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perfectly neutral gas; it does not alter the color of blue or red litmus, and 
shows no tendency to combine with acids or alkalies. 

Oxygen eminently supports combustion. A lighted wax taper introduced 
into this gas is rapidly consumed, with enlargement of the flame and the 
production of an intense light. The wax itself in a melted state, burns in 
. the gas as well as the wick. If a piece of wax taper three or four inches 
long, be lighted and introduced into ajar of oxygen, w^ith the lighted end 
downwards, it is speedily consumed, and the melted wax burns brightly as it 
falls through the gas. A taper (of green wax) with a glowing wick, (of 
which the flame has been extinguished) — a slip of wood wnth the end ignited 
but not burning wath flame, or a slip of paper soaked in a solution of nitrate 
of potash, dried and ignited — will instantly burst into flame when plunged 
into the gas. If the oxygen is pure, the wax taper or wood may be thus 
rekindled into flame five or six times successively. A piece of tow saturated 
with ether and attached to the end of a copper wire, if inflamed and plunged 
^into this gas, burns with surprising intensity, filling the jar wuth a volume of 
flame. 

In these experiments water (HO) and carbonic acid (COj are the pro- 
ducts of combustion, b}^ reason of the oxygen uniting with the hydrogen and 
carbon of the various combustibles. If a piece of charcoal heated to redness 
be introduced into a vessel of oxygen, it will glow more intensely but be 
consumed without flame. The whole of the oxygen will be removed and con- 
verted into carbonic acid gas, occupying an equal volume but possessed of 
widely different properties. If a piece of charcoal-bark heated to redness be 
substituted for charcoal, it will be consumed. with bright scintillations tra- 
versing the vessel of oxygen in all directions. 

SulpJtur, which burns in the air with a small blue flame, has the flame 
enlarged when it is immersed in a jar of oxygen, and after a time it burns 
with a beautiful purple color, dissolving as it were in the oxygen and con- 
verting it into sulphurous acid gas (SO^), which is soluble in water. If, in 
this experiment, the bell-glass of oxygen be placed in a white plate containing 
a diluted solution of blue litmus, the neutrality of oxygen will be indicated 
ill the first instance by the blue color being unchanged ; and the production 
of an acid, by the burning of sulphur, will be demonstrated by the blue liquid 
being reddened as the sulphurous acid gas is dissolved. The sulphur is not 
converted to oil of vitrei or sulphuric acid in this experiment. Phosphorus 
burns with a bright yellowish-white light in the atmosphere : but when a 
piece is kindled by a heated wire and introduced into oxygen, or when 
kindled in the gas after its introduction, it will burn with a still brighter 
light, gradually increasing to a dazzling whiteness. If the piece be sufficiently 
large, the phosphorus after a time will boil, its vapor will be diffused over 
the whole bell-glass, and burn with equal intensity in every part. The vessel 
will become an apparently isolated source of the brightest light. The heat 
is so great, that the vessel is frequently broken in thi« experiment. The 
product of combustion in this case is phosphoric acid (PO^), the highest 
degree of oxidation of phosphorus. The acid is seen in dense white vapors 
which readily dissolve in water, and produce a strongly acid liquid; a fact 
which may be proved by placing a solution of blue litmus in the plate, as in 
the preceding experiment. 

The production of acids by the union of oxygen with carbon in any form, 
with sulphur and phosphorus, led Lavoisier not only to give the name of 
oxygen to this body, but induced him to adopt the hypothesis that the 
acidity of compounds always depended on the presence of oxygen. But 
oxygen may produce alkalies as well as acids. If a piece of potassium or 
sodium be heated until it becomes ignited, and is then introduced into the 
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gas, it is consumed with a brilliant corabustion, and the product is an alka- 
line solid, namely, peroxide of potassium (KO3), in the case of potassium, 
and sesc{uioxide of sodium (Na^Oy) in the case of sodium; If the experiment 
is performed in a bell-glass standing in a white plate, in which there is a 
solution of litmus reddened by the product of burning phosphorus, the 
formation of an alkaline compound, as the result of the combination of 
oxygen with the metals, will be proved by the blue color of the litmus being 
restored. 

Although the views of Lavoisier respecting the acidifying properties of 
oxygen have been proved to be incorrect, there is no non-metallic body with 
which the production of acid properties in compounds appears to be more 
strongly associated than with oxygen. If a metal combines in various 
proportions with this element, the first oxide may show no acid properties, 
but act as a base (^. e., it will combine with acids) ; but the other oxides are 
often observed to acquire acid properties in proportion to the amount of 
oxygen which unites to the metal This is well illustrated in the oxygen 
compounds of the metal manganese (see page 87). Among the common 
vegetable acids it is noticed as a general rule, that the number of atoms of 
oxygen is in excess of those required to produce water with the hydrogen. 
Among inorganic or mineral compounds, the oxygen acids or oxacids are 
numerous as a class. The hyponitrous, phosphorous, and arsenious acids, 
as well as the sulphuric, chromic, boracic, and silicic, contain three atoms of 
oxygen ; while the nitric, chloric, bromic, iodic, phosphoric, arsenic, and 
antimonic acids contain five atoms of oxygen. Some acids contain only two 
atoms, as the carbonic and sulphurous acids, while others contain only one, 
as the cyanic. As oxacids for the most part contain an atom of water, and 
in the absence of water, they manifest no acidity, it has been supposed that 
the oxygen of the water was really a necessary component of the acid, and 
that hydrogen was the acidifying principle (see page 41). Thus; instead of 
NOgHO representing nitric acid, the acid has been regarded as a hydracid, 
^. e., an acid of hydrogen, represented by the formula HNOg. According 
to this view, an acid is convertible into a salt of hydrogen, or a compound of 
hydrogen with a radical which has not been isolated. But if this be 
admitted with respect to inorganic acids, it will equally apply to those of 
the organic kingdom. Thus pyrogallic acid (C^fi^O^) is a solid, anhydrous, 
crystalline compound, which has no acid reaction, until it is dissolved by 
water (page 41.) Under these circumstances, it must be assumed, either 
that the acid now becomes HOj^HyO,, or the hypothesis is unfounded. 
Although in combining'with chlorine, bromine, iodine, sulphur, and cyano- 
gen, hydrogen prodnces gaseous acids free from water, yet acid compounds 
exist which not only contain no water, but which are decomposed by that 
liquid. The fluoboric acid (BF3) may be taken as an illustration. This 
body. contains neither hydrogen nor oxygen, and is at the same time as much 
an acid gas as hydrocyanic, or any of the hydracid gases above mentioned. 
But, unlike these, it is resolved by water into two other acids. A similar 
observation may be made with respect to the fluosilicic acid (SiFg). The 
manganic (MnOg) and fulminic acids (Cj^O^) combine with bases to form 
well-defined salts, but not with water, as no hydrates of these acids are 
known. The molybdic, tungstic, silicic, titanic, and other acids, can be 
obtained perfectly anhydrous, and in this state they will expel other acids 
from bases. The combinations of hydrogen alone prove that there are 
no sufiicient grounds for adopting this hypothesis of the constitution of acids. 
Hydrogen combines with nitrogen to form a powerful alkaline base, ammo- 
nia ; but when the three atoms of hydrogen in ammonia, are replaced by three 
atoms of oxygen, a strong acid is the result ; and the conversion of the base, 
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ammonia, into nitric acid and water by simple oxidation, is a matter of daily 
experience. Hydrogen differs from oxygen in forming no acid Gompounds 
with metals. The only exception is, its compound with tellurium. It is 
also a remarkable fact, that when the hydrogen is replaced by oxygen in some 
organic compounds, an acid frequently results. In the acetous fermentation, 
the conversion of alcohol to vinegar or acetic acid is the result of simple 
oxidation. One-half of the hydrogen is removed — the proportion of oxygen 
is increased, and as a result of these changes, the neutral compound, alcohol, 
is converted into acetic acid. Another remarkable instance of the acidifying 
effect of oxidation is furnished by the pure essential oil of bitter almonds. 
This liquid, dissolved in alcohol, is perfectly neutral. As the alcohol evapo- 
rates, the oil is oxidized, and is converted into solid crystallized benzoic 
acid. The only chcmi(*al change here is the substitution of oxygen for 
hydrogen ; and as this goes on, the neutral is observed to be converted into 
an acid compound. Hydrogen has therefore no claim to be regarded as an 
acidifying principle in preference to oxygen. The name given to this 
element by Lavoisier is fully justified by modern researchCvS', with the quali- 
fication that it is not the only acidifying element. In fact, acidity, like 
alkalinity, is a condition or property resulting from the chemical union of 
bodies ; and is not essentially dependent on the presence of any one sub- 
stance. There appears to be no good reason, therefore, for converting the 
oxygen-acids to hydracids by the supposed decomposition of the water 
associated with them. 

Oxygen not only produces, as a result of chemical union, acids and alka- 
lies, but it forms with the greater number of metals, binary compounds 
which are quite neutral; and in order to distinguish these from other 
products, they are called oxides. With some of the metals, when heated to 
a high temperature, the phenomena of combustion are splendidly manifested. 
Thus zinc in foil or shavings, may be formed into a bundle two or three inches 
Jong (the ends being tipped with a little melted sulphur, for the purpose of 
igniting the metal) ; on introducing the ignited zinc into a tall bell-glass of 
oxygen, there is a brilliant combustion of the metal. The light evolved is 
of an intense greenish white color, and a white flocculent product results, 
which is oxide of zinc (ZnO). The finest iron-wire made into a bundle, 
tipped with sulphur, ignited, and introduced into a large vessel of the gas in 
a pure state, burns with an intense white light, and with scintillations of 
fused metal, which sometimes penetrate the substance of the glass. Rounded 
masses of the fused iron, oxidized, fall at a white heat (3280^), with hissing 
noise, into the water of the vessel in which the gaS is placed. The com- 
pound produced in this experiment is the magnetic oxide of iron (F^O^, or 
FeO -fFCj^OJ. The heat being sufficient to drive off a portion of the oxy- 
gen, which in the first instance produces a peroxide of the metal. 

Oxidation. — Oxygen combines with some bodies directly, and at all tem- 
peratures. Ajar containing deutoxide of nitrogen (NOJ, when exposed to 
oxygen gas, or to any mixture containing free oxygen, foi'ms deep ruddy 
vapors of an acid nature. The neutral deutoxide is further oxidized, and is 
converted to an acid of nitrogen. If iron filings, moistened with water, are 
thrown into a jar of oxygen gas, and the particles of metal are diffused by 
agitatioq, so as to adhere to the inner surface of the glass, and the jar is 
inverted in a vessel of water, the oxygen is slowly but completely removed 
without the evolution of light and heat, while the water rises in the vessel. 
The iron takes the oxygen and is converted to peroxide. If this experiment 
is performed in ajar containing air, the water rises to about one-fifth of the 
capacity of the vessel, thus indicating not only the presence of oxygen, but 
the proportion of that element in air. With some substances oxygen will 
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combine, but only indirectly, or by the aid of complex chemical affinity. As 
examples of this kind may be mentioned chlorine, bromine, and iodine. 
Oxygen as a gas has no tendency to unite with these elements. With fluo- 
rine it forms no known combination. In order to combine with oxygen in 
a free state most substances require to be heated above the ordinary tempe- 
rature of the atmosphere. Thus phosphorus has no tendency to form a com- 
pound with pure oxygen below a temperature of 80^; but when oxygen is 
mixed with nitrogen (as in the atmosphere), or with other gases, phospliorus 
will enter into combination with it at 32°, and even at temperatures below 
this. The phosphorus is slowly oxidized, being converted into a deliquescent 
liquid — phosphorous acid (POg) ; and, during the combustion, the phosphorus 
appears luminous in the dark. Phosphorus does not commonly enter into 
combostion in oxygen below its melting point (112^), while, in the allotropic 
state, it may be heated to nearly 500^ without taking fire. Free oxygen, as 
it exists in the atmosphere, appears to have no tendency to combine. with 
carbon below a red heat (lOOO^)— with hydrogen belovv 600^ — with zinc 
below its vaporizing point (1900^) — or with sulphur below 500°. This 
want of action at low temperatures appears to depend less on the absence 
of affinity between oxygen and the substance, than on the effect of cohesion 
on the substance exposed to the gas. When phosphorus, iron, and even 
lead, are reduced to a fine state of division, and exposed to oxygen at any 
temperature, they will take fire, and burn with the same brilliancy as larger 
masses which have been heated. (See Pyrophori, page 40, also Combustion.) 
In the process of oxidation oxygen may form a gaseous, liquid, or solid 
compound, either quiescently or with the phenomena of combustion. A 
simple substance may enter into combination with oxygen in various propor- 
tions, and it is then found that while the compounds which contain the 
smallest proportions of oxygen are neutral oxides, those vrhich contain the 
largest proportions have acid properties, and unite with bases to form salts. 
The metal manganese (Mn) aifords a remarkable instance of this series of 
combinations. Thus we have MnO, or Protoxide of manganese, which com- 
bines with acids to form the salts of this metal— MnO^ Binoxide or Beut- 
oxide — names which indicate the number of atoms of oxygen, combined with 
the metal. Peroxide (hyperoxide from u^fp, higher) is a term applied to an 
oxide beyond, or a higher stage of oxidation ; this, without reference to the 
number of atoms, indicates the maximum degree of oxidation. Thus while 
the peroxide of copper has one atom of oxygen (GuO), and that of iron 
one and a half atoms (or three to tv/o of metal), the peroxide of lead has two 
atoms (PbO^) and that of nitrogen four atoms (NO,). The metal manganese 
furnishes compounds in other stages of oxidation ; thus there is a sesquioxide, 
MUgOg, signifying that the oxygen is 1| to 1 of the metal, or, to avoid the 
use of fractions, 3 to 2. There is next in order a compound of the sesquioxide 
with the protoxide, called, from its color, the red oxide of manganese, repre- 
sented by the formula (MnO, Mn.Og), or Mn.O^. Beyond this there are two 
acid compounds, manganic acid MnOo, and permanganic acid Mn^O^. The 
compounds of oxygen and manganese, which represent all the varieties, and 
at the same time the greatest range of combinations of oxygen in mineral 
chemistry, stand as follows :• — 
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There are degrees of oxidation in which the metal is in larger proportion 
than the oxygen. These are called suboxides. Thus the suboxide of copper 
is represented by the formula Cu^O ; it is a compound of one atom of oxy- 
gen with two atoms of metal. 

The tendency of the oxides of metals to combine with acids to form salts 
is materially influenced by the stage of oxidation; - The protoxide is the 
compound which usually possesses strong basic properties, and which, by 
combining with acids, produces the large variety of metallic salts. Chemists 
generally fix upon the protoxide by this combining character. If a suboxide 
is acted upon by an acid, one atom of the metal is set free, a protoxide 
results, and this forms a salt. Thus, in boiling suboxide of copper with 
diluted sulphuric acid, metallic copper is deposited, and a sulphate of the 
oxide of copper results (Cu20 = Cu + CuO). On the other hand, when a 
peroxide is treated with an acid, an atom of oxygen is given off. Thus 
when peroxide of barium is treated with sulphuric acid, sulphate of the pro- 
toxide of barium is produced, while oxygen escapes as a gas (Ba03=BaO + 0). 
On this principle, as it has been already explained, peroxide of manganese 
may be made to yield oxygen by heating it with sulphuric acid. (See page 
82). Sesquioxicles may combine with acids to form salts; this is seen in 
the sesquioxides of iron, aluminum, and chromium ; and as the protoxide, 
containing one atom of oxygen, requires one atom of acid for producing a 
neutral salt, so the sesquioxide, containing three atoms of oxygen, requires 
three atoms of acid to form the class of sesquisalts. The oxides which have 
the peculiar constitution of three atoms of metal to four of oxygen, may be 
regarded as compounds of two other oxides, and are resolvable into these 
by acids. In consequence of this union or mixture, they have been some- 
times called saline oxides — the one oxide being supposed'to act as a base to 
the other. Examples of these oxygen-compounds occur not only in manga- 
nese, as above stated, but in iron and lead. The magnetic oxide of iron— 
the mineral which alone permanently retains magnetic force — is an oxide of 
this description. It is represented by the formula FCgO^, which is convertible 
into oxide (FeO) and sesquioxide (Fe^Oo) of iron. The substance called red 
lead is a compound oxide, having the formula PbgO^, but resolvable by acids 
into 2FbO and PbOg. When this oxide is digested in nitric acid, the acid 
forms with the protoxide nitrate of protoxide of lead, soluble in water, while 
the peroxide is left unacted on as a heavy, dark-brown insoluble powder. 

Some metals appear to have no stages of oxidation, in which basic or 
neutral compounds are produced. In the lowest degrees of combination with 
oxygen they at once form acids. Arsenic furnishes an example of this kind: 
this metal combines with three atoms of oxygen to form arsenious acid, 
(AsOg) and with five atoms of oxygen to form arsenic acid (AsOg). Anti- 
mony, which presents so many analogies to arsenic, forms a teroxide with 
three atoms of oxygen (SbOj, and an acid with five atoms, antimonic acid, 
(SbO^). These combine to form a compound which has the remarkable com- 
position of SbyO^, and is called antimooious acid. 

Reduction. — While the term oxidation implies simply the combination of 
oxygen with bodies, the term reduction implies the separation of oxygen from 
substances by chemical agency, and the conversion of them into their 
original state of metal or combustible. The term regulus was formerly 
applied to the metal thus derived fi'om an oxide, and the reguline state, 
therefore, simply implies the non-oxidized state. The word reduction, how- 
ever, is equally applied by modern usage to the separation of the metals 
from chlorides, sulphides, and similar binary compounds. 

Respiration and Combustion. — Oxygen is the great supporter of respira- 
tion and combustion, and is largely consumed in these processes ; hence air 
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deprived of oxygen by either process, or by ordinary chemical changes, is 
unfit to support animal life, and will not allow of the combustion of other 
bodies. If a lighted wax taper be introduced into ajar of air, in which iron 
filings have been sprinkled with a little water, it will be found, after some 
hours, that the residuary gas will extinguish it ; and any small animal intro- 
duced into this residuary gas, would be instantly rendered lifeless. 1. If we 
breathe by a wide tube into a bell-glass filled with water, and inverted on a 
water-bath, so that the water may he displaced by the expired air as it issues 
from the lungs — we shall find on introducing a lighted wax-taper that it will 
be instantly extinguished. 2. A lighted- taper introduced into a bell-glass 
of air, placed over a water-bath (the bell-glass being closed at the top by a 
brass-plate or stopper), will be extinguished in a few minutes, owing to the 
rapid consumption of oxygen and the absence of any fresh supply. On 
removing the extinguished taper quickly and introducing another, lighted, 
this will also be extinguished ; and any small animal placed in either of these 
mixtures, thus deprived of a large portion of their oxygen, would soon perish. 
It must not be supposed, however, that all the oxygen is removed from air, 
either by respiration or by ordinary combustion. That there is still some 
portion left in the vessels, may be proved by introducing into them a ladle 
containing a small piece of phosphorus ignited. This will continue to burn 
at the expense of the residuary oxygen not removed by the lungs in breathing, 
or by the wax-taper in combustion. Air, therefore, which is deoxidized, or 
which does not contain a certain amount of free oxygen, is wholly unfitted to 
support life. Respiration and combustion vitiate it by withdrawing oxygen 
and supplying its place with carbonic acid. As a general rule, an animal 
cannot live in air in which a wax-taper vi^ill not burn, and a taper will not 
burn in an atmosphere, in which there is too small an amount of oxygen to 
maintain respiration. 

If our atmosphere had consisted of oxygen alone, combustion once set up 
would not have ceased until all combustible substances had been consumed, 
and the whole face of the earth changed. So in regard to animal life, although 
oxygen is absolutely necessary to respiration — when this gas is in a pui'e 
state, I. e., unmixed with nitrogen — it operates as a powerful excitant to the 
nervous system; and a small animal confined in an atmosphere of pure 
oxygen will die in a few hours, apparently from the excessive stimulus pro- 
duced by the gas. Mr. Broughton determined, experimentally, that rabbits 
died in six, ten, or twelve hours when confined in oxygen. On examination 
after death, the blood was found highly florid in every part of the body ; and 
the heart continued to act strongly even after respiration had ceased. The 
dilution of the oxygen of the atmosphere with four times its volume of nitro- 
gen is therefore absolutely necessary to animal life. It is worthy of notice, 
however, in reference to this noxious action of pure oxygen, that an animal 
will live three times as long in this gas as when it. is confined in an equal 
volume of common air. The reason for the difference is, that the quantity 
of oxygen in air available for respiration is not only four-fifths less, but that 
which has been consumed by the animal is replaced by an equal bulk of car- 
bonic acid, which is itself a noxious gas. 

Decay. — Eremacausis. — Putrefaction. — Oxygen takes an important share 
in these processes. It is by slow oxidation that organic are converted into 
inorganic compounds ; and these again, by means of the vegetable kingdom, 
are reconverted into organic substances fitted for the food of animals. In 
the slow oxidation of vegetable matter, we have an example of that con- 
dition, which has been called by Liebig eremacausis (jjot-^a slow, pcaiicrtj 
burning). If fine sawdust, moistened with water, is placed in a stoppered, 
bottle containing air, and exposed for some time to a temperature above 60°, 
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it will be found that the oxygen of the air in the bottle has been to a greater 
or less extent replaced by carbonic acid. A lighted taper, introduced into 
the bottle, will be extinguished, and carbonic acid may be proved to be 
present by the usual tests. Under these circumstances, there is no sensible 
heat or light evolved; hence the term combustion, applied to this kind of 
oxidation, is not strictly correct. In certain cases, however, the accumulation 
of heat as a result of the oxidation of some kinds of vegetable matter is 
such, that the mass, if easily combustible, may burst into flame. Cotton, 
flax, tow, jute, and other vegetable substances of a porous nature in a damp 
or greasy state, are thus subject to spontaneous combustion, as a result of 
slow oxidation. Thin gutta percha appears to undergo both physical and 
chemical changes from the absorption of oxygen. It becomes altered in 
color and tenacity by long exposure to the air ; and although it does not 
inflame, it may, when exposed in large surfaces to air, acquire a tempera- 
ture sufficient to melt it. This is probably the real cause of the heating of 
electric cables in the holds of vessels in which they have been stored. All 
eases of oxidation are attejided with the evolution of heat, but when the 
process is slow, the evolved heat is u.nobserved and dissipated without 
accumulation; in other cases, when the process is effected in a shorter 
period, the heat becomes proportionably sensible ; and when the oxidation is 
rapid, the whole of the heat being evolved in a much more limited time, it is 
proportionably exalted in intensity. 

Oxygen takes an important share in the acetous fermentation^ as it is by 
•the oxidation of the elements of alcohol that acetic acid is produced. In 
some of its combinations it exerts a deodorizing or disinfecting power. 
Thus, as it is set free from a solution of permanganate of potash or soda, it 
oxidizes and destroys all the offensive products evolved in the decomposition 
of organic matter, which generally consist of compounds of hydrogen, with 
sulphur, nitrogen, phosphorus, and carbon. 

Equivalent, — The equivalent or combining weight of oxygen is generally 
taken as 8, compared with hydrogen as unity; and in reference to its 
volume-equivalent in its combinations with other gases, it is one-half of that 
of hydrogen, or one-half volume. 

Tests. — Special Qharacters. — Oxygen may be known as a gas in the free 
state : 1. By its insolubility in water, or in a strong solution of potash. 2. 
By its entire solubility in potash to which pyrogallic acid has been added. 
3. By its kindling into flame, an ignited match or the glowing wick of a taper. 
There is only one other gas known which possesses this property, namely, 
the protoxide of nitrogen (NO) ; but there are other well-marked distinctions 
between this gas and oxygen. 4. Oxygen produces red acid fumes when 
deutoxide of nitrogen (NOg) is added to it. 5. It changes the white 
ferrocyanide of iron to Prussian blue. 

When oxygen exists in the uncombined state, but dissolved by liquids, such 
as water, its presence may be readily detected by the white proto-ferrocyanide 
of iron. This test-liquid should be made for the occasion. It may be 
prepared by shaking in a small bottle a mixture of bright iron filings and a 
fresh solution of sulphurous acid gas. After a few minutes the liquid should 
be filtered and diluted w^ith water ; a small quantity of a solution of ferro- 
cyanide of potassium should then be added to it. A milky-white precipitate 
of the proto-ferrocyanide is thrown down. This rapidly becomes blue on 
the surface by absorbing oxygen, and passing to the state of sesqui-ferrocy- 
anide of iron, or one variety of Prussian blue. If this liquid be poured into 
a jar of oxygen gas, and the jar shaken, it will speedily be converted to 
Prussian blue. If poured in a thin sheet on a white plate, it will 'reveal the 
presence of oxygen in the atmosphere, by its rapid change of color on the 
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surface. If we add a little of the test-liquid gradually to eighty or one 
hundred ounces of water containing free oxygen, in a tall glass jar, it will be 
observed that, as it falls through the water, it will change from white to blue, 
by absorbing and fixing the dissolved oxygen. 

The whole of the free oxygen may be removed from a gaseous mixture, 
by dissolving pyrogallic acid in a strong solution of potash, and introducing 
the mixture into a vessel containing the gas over mercury. If the vessel is 
graduated, the proportion of oxygen present may be thus determined. If 
carbonic acid, or any other acid gas should be present, these maybe removed 
by first passing a solution of potash only into the tube, and when no further 
absorption takes place, the level may be taken, and pyrogallic acid added to 
the potash. The further absorption will then indicate the amount of oxygen. 
The quantity of free oxygen may be more accuratel}^ determined, by adding 
to the gaseous mixture its volume of pure hydrogen, and then bringing 
about its combination with oxygen, either by the electric spark or by the aid 
of spongy platinum. This process will be more fully explained in treating 
of the composition of water. Oxygen may also be removed from a mixture 
of gases, by causing it to pass over metallic copper heated to redness in a tube. 



CHAPTER VII, 

OXYGEN— INCANDESCENCE— COMBUSTION— DEFLAGEATION. 

Combustion ivitli and ivithout Oxygen.' — Combustion, in its most extensive 
meaning, may be described as the result of intense chemical combination 
between two or more bodies, during which sensible light and heat are 
evolved; All ordinary cases of combustion are dependent on the combination 
of oxygen with bodies ; and the heat and light are dependent on the rapidity 
with which oxidation takes place, as well as on the amount of oxygen 
consumed. Lavoisier believed that oxygen was the universal supporter of 
combustion, and that there was no combustion without it. In this, however, 
lie was in error. The phenomena of combustion are seen in some of the 
combinations of chlorine, bromine, and sulphur with bodies. If phosphorus 
is introduced into a jar of chlorine, it speedily melts, takes fire, and burns 
with a pale yellowish flame, forming chloride of phosphorus. If thin leaves 
of Dutch metal are introduced into chlorine, they burn v/ithout flame, 
producing a full red heat, and forming chloride of copper. Freshly 
powdered metallic antimony projected into chlorine gas, burns in scintilla- 
tions, evolving much light and heat, and forming white chloride of antimony : 
if this metal in fine powder be projected into bromine, it burns, in contact 
with the liquid, with bright scintillations, forming bromide of antimony. So 
with regard to sulphur ; if this substance is heated in a Florence flask to its 
vaporizing point, it forms a dark amber-colored vapor, in which thin pieces 
of copper foil, or cuttings of copper, glow and burn with great splendor, 
producing sulphide of copper. The metal sodium heated in air until it 
begins to take fire, when plunged into a jar of chlorine, will burn with the most 
intense evolution of light and heat, and sometimes with explosive violence. 
The ladle holding the metal acquires a red heat as a result of this combustion. 
Fine steel wire previously heated to redness also burns with a deep lurid 
glow in chlorine. These experiments will clearly show that oxygen is not in 
all cases necessary to combustion ; and that the phenomena which attend it, 
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cannot be regarded as dependent upon any peculiar principle or form of 
matter ; they muvSt be considered as a general result of intense chemical 
union. Each substance, in fact, has its own special properties in reference 
to combustion. Sulphur will not burn in chlorine ; and to cause it to burn 
in oxygen, it must be heated to a high temperature. Copper will not burn in 
oxygen gas, but it will burn at the lowest temperature in chlorine. Phosphorus 
will not undergo combustion in oxygen below a temperature of 80° ; but it 
will take Are in chlorine at 32°. 

Some compound gases may give rise to the phenomena of combustion 
with alkaline metals under certain conditions. Cyanogen gas is a compound 
of carbon and nitrogen. If potassium is heated in a current of this gas, the 
metal burns, and leaves as a product cyanide of potassium. Again, if 
sodium be heated in a flask from which air is entirely excluded, and a current 
of dry carbonic acid is passed through the flask, a brilliant combustion vi/ill 
take place, the oxygen of the carbonic acid being taken by the sodium to 
form soda, vfhile carbon is deposited. Cyanogen and carbonic acid are not 
usually regarded as bodies which support combustion, and the latter is 
commonly regarded as incombustible. 

Confining our views for the present to combustion as it takes place in 
oxygen^ it may be remarked that there is no loss of matter but merely a 
change of state. If a spirit-lamp is accurately balanced in a scale-pan, and 
the wick then ignited — as the spirit burns, there will be an apparent loss of 
matter, and the counterpoised scale wdll sink. If we hold over the burning 
wick, the open mouth of a gas-jar, we may be able to prove by appropriate 
tests, that the air of the jar is replaced by carbonic acid and aqueous vapor 
. — the latter being condensed on the inner cold surface of the glass. These 
products are formed at a high temperature by the oxidation of the carbon 
and hydrogen contained in the vapor of alcohol. If collected in a proper 
apparatus, the w^eight of these products would be equal to the weight of 
alcohol consumed. 

If a piece of phosphorus is heated in a vessel of pure oxygen, all the oxygen 
disappears, but it is now solidified as phosphoric acid, and the increase in the 
weight of the phosphorus would represent exactly the amount of oxygen 
consumed. In the burning of carbon there appears to be no loss of gaseous 
matter; but the oxygen in this case is converted into carbonic acid; and it 
will be found, although unaltered in volume, to have acquired an increase in 
w^eight equal to the weight of carbon consumed. Substances whiph undergo 
combustion in oxygen are rendered heavier ; the weight of ox'^gen taken 
during combustion, is always added to the original w^eight. 

When a metal burns in oxygen, it is oxidized with the evolution of light 
and heat; but a metal may be oxidized without undergoing combustion in 
the ordinary sense. Zinc and lead furnish striking instances of the difference. 
If zinc be heated in air to above its melting point, it wdll take fire and burn 
with a splendid greenish-white light (see page 86); but if lead be melted in 
air, there is formed on the surface a dirty yellowish-looking film or dross 
(oxide of lead), without the evolution of light and heat. Both are instances 
of oxidation, but in the latter case there is no combustion. 

Ignition. — Incandescence. — Combustion always implies chemical action : 
either the heat of the combining bodies or that w^hich results from their 
combination is set free, and with this, a proportionate quantity of light ; but 
a body may evolve heat and light without undergoing combustion or any 
chemical change. Thus a platinum ware, some fibres of asbestos, or a piece 
of lime, exposed to the strong heat of an invisible flame — e. g,, of oxygen 
and hydrogen— -may be heated to whiteness, so as to evolve both heat and 
light of surprising intensity. To this state the term ignition^ or incandes- 
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cenee, is applied. The body evolves light as a result of its being intensely 
heated, vi^ithout its molecules being materially altered in their physical or 
chemical relations. It is not fused at the temperature to which it is exposed ; 
and the greater the amount of heat which it is capable of receiving without 
a change of its physical condition, the more intense the light which is emitted. 
An ignited body, therefore, serves as a temporary storehouse of heat and 
light. The vacuum-light furnishes a remarkable instance of the results of 
ignition. The charcoal points, being the terminal poles of a powerful 
battery, are inclosed in a glass vessel in which a vacuum has been artificially 
produced. The light issues in great splendor as the result of the ignition of 
minute particles of charcoal carried between the poles, but the charcoal itself 
undergoes no combustion. When platinum poles are used, portions of that 
metal are volatilized and so heated as to give out the intense violet-blue light 
which characterizes the spark. Mr. Gassiot has observed, that under these 
circumstances the-negative pole assumes the appearance of being corroded, 
owing, as he found, to the separation of particles of this metal and their 
deposition on the sides of the vacuum-glass tube. Even gases attenuated to 
the highest degree — in fact, almost converted into a vacuum by the air- 
pump — may be rendered incandescent by the discharge of the spark from 
liuhrakorff's coil {see page 1"I). In an absolute vacuum no discharge passes, 
as electrical conduction necessarily requires the presence of matter; but Mr. 
Gassiot's experiments have proved that what has been hitherto regarded as 
a vacuum, is space filled with highly attenuated matter, capable of being 
made. incandescent by the electric discharge. The more attenuated the gas 
or vapor, the more stratified is the light of the discharge. As the gas is 
increased in quantity, the stratifications become closer, until at a certain 
point, the discharge entirely loses its stratified appearance and passes into a 
wave line. The vivid luminosity and the varied color of lightning, is pro- 
bably dependent on the incandescence of the gaseous and vaporous consti- 
tuents of the atmosphere, modified by the density of the stratum in which the 
electric discharge takes place. 

The color of the light of incandescence is not always the same for the same 
gas. Thus while Dr. Miller found that a hydrogen vacuum gave a red, and 
a nitrogen vacuum gave a violet light {see page It), Mr. Gassiot observed 
in his experiments, that hydrogen gave a greenish-white, and nitrogen a red 
light. We are informed by Mr. Gassiot, that oxygen in an incandescent 
state resembled hydrogen in color, but the light was less green ; and sulphur- 
ous acid, rendered incandescent, had an intense blue color. The color may 
probably be aff'ected by the degree of rarefaction of the gas, the temperature, 
the presence of aqueous vapor, and other circumstances. 

In the attempt to render compound gases and vapors incandescent, some 
remarkable efi^ects have been observed. Thus Pliicker found that when 
seleniuretted hydrogen was exposed to the current, selenium was deposited 
on the sides of the glass vessel, and the spectrum of hydrogen appeared. 
After a short interval, the two elements again combined, and the spectrum 
peculiar to seleniuretted hydrogen replaced that of pure hydrogen. 

It is found that the greater number of metals may be converted into vapor, 
and that these vapors when rendered incandescent by the current, emit a 
light varying in color for each metal. For the purpose of obtaining the 
metals in a volatile state, the platinum poles are moistened with the respec- 
tive solutions. M. Faye found that zinc gave a blue color in strata or bands ; 
antimony, a lilac color; mercury, a pale blue; cadmium, an intense green ; 
arsenic, a magnificent lilac ; and bismuth, a variety of colors, undergoing 
rapid changes. {Cosmos, Sept. 20, 18G1, p. 321.) It has been further 
proved that these colored flames and incandescent vapors present colored 
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spectra of differently refrangible rays, in some instances characteristic of the 
substance. {See page 59.) 

Supporters and Combustibles.^^ Although, oxygen, chlorine, and bromine 
give rise to the phenomena of combnstion with other bodies, they cannot be 
made to combine with each other, so as to evolve light and heat ; and hence 
they are said to be incombustible. In ordinary language they are called 
supporters of combustion, while the bodies to which they unite have been 
called combustibles. It is, however, generally admitted that the phenomena 
of combustion are dependent on the union of the two bodies ; and that the 
so-called supporter is consumed as well as the combustible, and aids in 
furnishing light and heat. Thus copper and sulphur, at a high temperature, 
combine with combustion. Which is the supporter and which the combus- 
tible ? Both must be regarded as combostible substances — for copper burns 
in chlorine, and sulphur burns in oxygen. Whether we put phosphorus into 
the vapor of chlorine, or chlorine into the vapor of phosphorus, the same 
kind of combustion equally ensues, and the products are similar. During 
the com'bustion of phosphorus in oxygen the intense and sudden burst of 
light which appears after the phosphorus has entered into the boiling state, 
arises from the diffusion of its vapor throughout the oxygen of the vessel, 
so that there is a combustion of both at every point of contact. Up to this 
time the light and heat may have appeared to proceed. from the solid phos- 
phorus only; but it will now be observed to issue equally from all parts of 
the vessel containing the oxygen. The oxygen is here as much a combus- 
tible as the phosphorus. In fact, the term "combustible" is relative and 
arbitrary; that body which is for the time in larger quantity, or in the gaseous 
state, is called the ''supporter." Goal-gas burns in oxygen or air only 
where it can unite with oxygen; and it is therefore called a combustible gas. 
If we kindle a jet of coal-gas issuing from a bladder, and cause the flame to 
be projected into a bell-glass of oxygen, it will burn brilliantly. If we fill 
another bell-glass with coal-gas, ignite it at the mouth, and project into it 
through the flame a jet of oxygen, this gas will appear to burn, and in fact 
does burn, in a jet precisely like the jet of coal-gas ; and it will be found to 
give out the same amount of light and heat, and to give rise to similar pro- 
ducts. The oxygen and coal-gas burn only wdiere they meet each other at 
a high temperature. The oxygen burns in an atmosphere of coal-gas just as 
certainly as the coal-gas burns in an atmosphere of oxygen. This experi- 
ment may be performed with an ordinary argand gas-burner. A long chim- 
ney-glass should be placed over the burner, and all access of air from below 
cut off' by a cork and a disk of card. If, after allowing the coal-gas to issue 
for a few minutes, in order to remove the air, it is ignited at the top of the 
chimney-glass, a jet of oxygen may be safely propelled downwards through 
the gas-flame, and the oxygen will appear to burn in the glass cylinder con- 
taining the coal-gas. These facts show that combustion is really a reciprocal 
phenomenon, each body burning, or, in chemical language, combining with 
the other body, and, during this combination, evolving light and heat. The 
terms combustible and supporter of combustion are, however, convenient for 
use, provided w^e understand by them that each substance shares in the pro- 
cess, and that neither is, strictly speaking, passive. 

Ileat and Light of Go7nbustio7i. -^The results of experiments on some sub- 
stances show that the heat of combustion is almost exclusively derived from 
the oxygen. Thus it appears, from the researches of Despretz, that the heat 
depends, not upon the quantity of combustible, but upon the weight of oxy- 
gen, consumed. A pound of oxygen, in combining respectively with hydrogen, 
charcoal, alcohol, and ether, evolved in each case very nearly the same quan- 
tity of heat, each raising 29 pounds of water from 32^ to 212^. With respect 
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to the coraparative heating powers of equal weights of different combustibles, 
he obtained the following results :•— • 
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This table indicates, not the absolute amount of lieat evolved, but the 
relative heating powers of fuels burnt under similar conditions; and it further 
appears to show that, provided the same weight of oxygen be consuuied, 
whatever may be the nature of the fuel, the same amount of heat will be 
evolved. In order to produce an intense heat therefore, the object is not so 
much to consume the fuel as to consume the maximum of oxygen wdth a 
minimum of fuel. The heating powder of the blowq:>ipe and of the blast-fur- 
nace, especially of the hot blast (to counteract the cooling effect of the nitro- 
gen associated with oxygen in the air), wdll now be intelligible on chemical 
principles. It is not, however, strictly true that the same weight of oxygen 
always produces by combination the same amount of heat. Other experiments 
performed by Despretz have shown that a pound of oxygen, in combining 
wdth iron, tin, and zinc, could heat nearly twice as much water to the same 
temperature as that which in his table he assigns to hydrogen, carbon, alco- 
hol, and ether; hence, in reference to these metals, oxygen alone cannot be 
concerned in its production. So with regard to phosphorus : if this sub- 
stance is burnt slowdy, to produce phosphorous acid, a pound of oxygen in 
combining with it evolves the same amount of heat as that assigned to car- 
bon and hydrogen ; but if the combustion is so intense as to produce phos- 
phoric acid, then the heat evolved is twice as great, resembling that which 
is given out in the intense combustion of iron, tin, and zinc. There is 
another fact which shows that the rule regarding the evolution of heat is not 
so simple as Despretz had- supposed; namely, that when carbon is in a state 
of combination, as in the form of carbonic oxide, the amount of heat evolved 
during its combustion and conversion into carbonic acid, is nearly equal to 
that which w^ould be evolved by the carbon in a separate state, although the 
latter would require twice the amount of oxygen to convert it to the same 
product (carbonic acid). (Kane^s Elements of Chemistry, p. 244). The 
later researches of Professor Andrews and other chemists have shown, that 
the quantity of heat evolved as a result of the chemical combination of bodies 
is definite, and that it has a specific, relation to the combining number of each 
substance. With a proper supply of oxygen, or air, a given weight of the 
substance alw^ays produces the same amount of heat. 

Hydrogen, carbon, sulphur, and phosphorus are the four principal sub- 
stances, wath which the phenomena of coQibustion are witnessed in an atmo- 
sphere containing oxygen. All our ordinary sources of light and heat for 
domestic and manufacturing purposes are dependent on the two first-mentioned 
elements, associated in variable proportions in coal, wood, and oil. The 
following table wdll show that according to the experiments of Despretz, 
hydrogen and carbon, weight for w^eight, consume the largest amount of 
oxygen in undergoing perfect combustion ; and that hydrogen in uniting to 
oxygen has more than three times the heating power of carbon '.- — 
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1 pound of hydrogen takes 

6 pounds of carbon take 
16 pounds of sulphur take . 
32 pounds of phosphorus take 

Hence by reason of this enormous consumption of oxygen in proportion to 
the weight of material burned, hydrogen, and bodies containing it, evolve the 
greatest amount of heat. Hence also in the oxy-hydrogen blowpipe, we have 
one of the highest sources of heat at present known ; and as an indirect result 
of the absorption of this heat by the infusible substance, lime, we* obtain a 
light which rivals that of the sua in intensity and chemical power. Lately, 
by the construction of a close furnace of lime, and the use of the oxy-hydro- 
gen blowpipe, MM. Devllle and Debray have not only been able to volatilize 
many of the supposed fixed impurities in commercial platinum ; but with 
about 43 cubic feet of oxygen they have succeeded in melting 25 pounds of 
platinum in less than three quarters of an hour, and casting it into an ingot 
in a coke mould. All metals are melted, and many are entirely dissipated in 
vapor by the intense heat produced under these circumstances. The lime 
itself is unaltered by the heat, and acts as a powerful non-conductor, even 
when not more than an inch in thickness. Lime and magnesia appear hitherto 
to have resisted fusion, or volatilization as oxides. The heat given out 
during the perfect combustion of hydrogen in oxygen w^as calculated by Sir 
K. Kane {Elements of Chemistry, p. 240) to amount to 54*18° above the 
freezing point ; but this estimate falls far below that assigned by the recent 
experiments of Bunsen. {See p. 98.) This temperature exceeds the heat 
of other artificial sources. It can only be surpassed by the heat of the 
electric discharge, or by the concentration of the rays of the sun through a 
powerful lens or mirror. When hydrogen is burnt in atmospheric air, the 
cooling effect of the nitrogen is such that, according to the same authority, 
the heat does not exceed 2739° above freezing ; this is nearly equal to the 
melting point of cast iron, which is 2786°. 

According to Pouillet, the temperatures for the different degrees of heat 
of solids in a state of ignition, referred to in chemical works are as follows : — 
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In reference to combustion, the improvements made in the use of gas as a 
source of heat have depended on the admixture of air or on the free supply 
of air by a variety of arrangements ; and in the construction of all furnaces, 
the adoption of this principle leads to an economy- of fuel, the prevention of 
smoke, and the production of the largest amount of heat. 

The light evolved in combustion depends— 1. on the intensity of the heat; 
and, 2, on the presence of solid non-volatile matter which is capable of 
receiving the heat, and of emitting it as light. When combustion takes 
place at a low red heat, as in the aphlogistic lamp of Sir H. Davy, there is 
but little light. In fact, this is only visible in the dark. Hydrogen burns 
wqth intense heat ; but as watery vapor is the only product, there is no solid 
matter to absorb and emit the heat as light. If platinum wire, or particles 
of charcoal, lime, asbestos, or iron-filings are introduced into the flame, they 
are heated and emit light. The bright white light emitted by coal-gas is 
owing to the particles of carbon, set free during the combustion of the gas, 
acquiring a white heat, and becoming incandescent in the flame. The 
naphthalizing of ordinary coal-gas depends on the diffusion through it of a 
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hydrocarbon vapor, which, during combustion, may furnish particles of carbon 
to the flame. In burning phosphorus in chlorine, a gaseous chloride is pro- 
duced, and the phosphorus burns with a pale flame, emitting but little light; 
but when it is burnt in oxygen it forms dense solid particles of phosphoric 
acid, which being strongly heated emit an intensely white light. The differ- 
ence of light arising from the products may be shown by raising the phospho- 
rus, which has been burning in a bell-jar of chlorine, into the atmosphere. 
The increased splendor of the combustion from the formation of a solid 
product is at once manifested, and the effect is increased by plunging the 
ladle with the burning phosphorus, into a bell-jar of oxygen. In burning 
zinc the same phenomenon is observed; — the oxide of zinc produced is a 
solid body, which becomes intensely heated and emits a large amount of light. 
If a piece of magnesium wire be ignited in a Bunsen's jet, a most dazzling 
white light is evolved, arising from the fixed particles of the oxide of magne- 
sium becoming strongly heated, and, as a result of this, evolving a light of 
the greatest intensity. In some photo-chemical investigations made by 
Bunsen and Eoscoe, it was calculated that the light of the sun's disk was 
only 524 times as great as the magnesium light. A wire of about the 
1-1 00th of an inch in diameter, produced by combustion as much light as 14 
stearine candles. The light, therefore, arising from combustion, depends to 
a great extent on the nature of the combustible, as well as on the product of 
combustion. Substances like iron and charcoal, which are fixed, emit a great 
amount of light in proportion to the heat produced and the constant renewal 
of surface leads to continuous combustion. 

The intensity of the light is, C(Eteris paribus, dependent on the rapidity 
with which oxidation takes place, and the amount of material consumed. 
The Bude light owes its brightness to the introduction of a current of oxygen 
into the centre of the flame. There is in a given time a larger consumption 
of the combustible matter, and a consequent increase of light. 

The color of the light emitted in combustion, is to a certain extent, 
dependent on temperature. At one degree of heat, the light is red, at ano- 
ther yellow, and in the highest degree white. These three colors are well 
known in chemical processes as forming broad distinctions in the temperature 
of ignited solids (see page 96). According to Bunsen, between the yellow, 
red, and white heat, the colors of intensely heated bodies pass through shades 
of blue to violet, and the white heat is the resultant of all the spectral colors 
emitted by the heated substance. Apart from the effects of temperature, 
there are colors which are peculiar to the combustible substance. The light 
evolved by burning sulphur is of a pale blue color, while zinc gives a greenish 
white; potassium, a pale purple or violet; sodium, an intense yellow; lithium, 
calcium, and strontium, shades of red; barium, greenish yellow; boracic 
acid, green ; arsenic, a violet blue ; and antimony, a pale lemon color. It 
will be perceived, by reference to page 93, that the colors which are thus 
produced during combustion, differ from those w^hich are emitted as a result 
of the incandescence of the same bodies. 

Among the compound gases, carbonic oxide is known by the blue color of 
its flame; cyanogen gas by a violet flame with a blue halo; and phos- 
phuretted hydrogen gas by the intense yellowish-white light which it emits 
during combustion. 

Nature of i^/aw^e.— -Flame arises from the combustion of volatile of 
gaseous matter emanating from the heated solid. Those bodies only hurra 
with flame which at the usual burning temperature, are capable of assuming 
the vaporous or gaseous state. Charcoal and iron burn without flame ; 
their particles are not volatile at the temperature at which they burn. 
Phosphorus and zinc, oe the other hand, are volatile bodies, and therefore- 
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bnrn with flame. Small particles of each substance are carried up in vapor, 
are rendered incandescent by the heat of combustion, and burn wherever 
they meet with the atmospheric oxygen ; the more volatile the substance, 
the greater the amount of flame. 

Flame is hollow — a fact which may be proved by numerous experiments. 
If a piece of metallic wire-gauze be depressed over a flame, this will be seen 
to form a ring or circle of fire, dark in the centre and luminous only at the 
circumference, where the gaseous particles meet with oxygen. The inflam- 
mable matter traverses the meshes of the gauze, but is so cooled by the 
eondacting power of the metal that it ceases to burn above. A piece of 
stiff paper suddenly depressed on a spirit-flame to about its centre, presents 
a carbonized ring corresponding to the circularity of the flame. If a thin 
platinum wire be stretched across a wide flame of alcohol, it will be heated 
only at the two points, corresponding to the circumference, where combustion 
is going on. 

By allowing a jet of gas to issue from a glass cylinder, in the manner 
described at page 94, a variety of experiments may be performed to show 
the hollowness of flame, and the comparatively low temperature of the gas 
or vapor in the interior. A lighted wax taper fixed on wire, introduced 
suddenly through the sheet of flame, is extinguished in the interior. Gun- 
powder introduced in a ladle may be held in the inner space within -the flame 
for a long time, and even withdrawn without exploding. Gun-cotton will 
not explode under these circumstances if introduced at the end of a copper 
wire, while the coal-gas is freely issuing from the chimney-glass, and the jet 
is not kindled until after its introduction. That the inner portion of every 
cone of flame consists of unburnt gas, or combustible vapor comparatively 
cool, may also be proved by placing within it the open end of a glass tube, 
supported by wire, and applying a lighted taper at the other end of the tube 
which projects out of the flame. The unburnt gas or vapor will be con- 
ducted off by the tube, and may be kindled at the end of it, as from an 
ordinary jet. Thus, then, all inflammable gases and vapors, when unmixed 
with oxygen, have only a surface combustion, which is defined by the access 
of oxygen and its contact with the heated gas or vapor. 

Flame in all cases consists of matter ignited to a high temperature. Sir 
H. Davy assigned a white heat to ordinary flame. Bunsen has recently 
examined the temperature of flames by a series of ingenious experiments 
{Phil. Mag., Aug., 1860, page 92), and has arrived at the following conclu- 
sions : the temperatures here assigned, being those of the centigrade thermo- 
meter, of which 5° are equal to 9° of Fahrenheit, plus 32^ for the difference 
of the zero. 

Sulphur flame . . . 1820O Carbonic oxide flame . „ 3042O 
Sulphide carbon . . . 21950 Hydrogen flame (in air) , 32590 
Coal-gas flame . . . 2350© Oxy hydrogen flame . . 8061O 

The heat of the electric flame far surpasses all these temperatures, and is 
at present undeterminable in its degree by any known process. 

A remarkable announcement has been made by Kirchoff and Bunsen, 
respecting the colored flames of metals brought to the state of incandescent 
vapor, as the result of the heat of combustion or of the electric current— 
namely, that they absorb light of the same degree of refrangibility as that 
which they emit; in other words, their flames are opaque to their own light. 
If the light of the sun, or of the electric current, is allowed to traverse the 
flame of a spirit-lamp or that of hydrogen or coal-gas, no shadow is pro- 
duced on a white screen placed behind it: the flame is quite transparent, but 
the undulating shadows projected for more than a foot above the flame by 
the invisible gaseous products of combustion (carbonic acid and water), are 
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plainly seen. Tbe fiame of a common candle produces no shadow when 
placed between a screen and the flame of an oil-lamp. The shadow of the wick 
only is seen on a white surface. Foucault observed that the intense light of 
the electric arc from carbon-points, was so transparent that the solar rays 
converged upon it by a lens, completely traversed it, and only a slight 
shadow was cast upon the solar light Bunsen found that the light of a 
sodium-fiame would not traverse another sodium-flame, or even sodium- 
vapor, produced by heating sodium-amalgam in a test-tube much below its 
point of luminosity ; and the singular discovery was made, that direct sun- 
light, passed through the yellow flame of sodium, changed the yellow spectral 
band peculiar to that metal to a dark double line. The red band of lithium 
was also changed to a dark band by sunlight. (P7^^7. Mag., August, 1860, 
page 108.) Erom these results, and from the fact that in the pure solar 
spectrum, a dark line appears in the position of the sodium-yellow band, 
Kirchoff and Bunsen have inferred that sodium must be a large constituent of 
the photosphere of the sun. For a similar reason, chromium, iron, nickel, 
and magnesium have also been assigned to this photosphere— and sodium to 
the light of the fixed stars. The moon and Yenus exhibit lines correspond- 
ing with those of the sun. Sirius showed different lines, and Castor others 
which were again different. In Procyon the solar line I) (sodium), and in 
Oapella and Betalgeux, the principal star in Orion D (sodium) and b were V 
found. (Miller.) It is to be observed, however, that the light of platinum, 
rendered incandescent by the electric fluid, and the rays of a Drummond 
light, equally changed the sodium-yellow into a dark band. Opacity is the 
great character of metals : but it is remarkable that, in the state either of 
incandescent or non-luminous vapor, this complete opacity to light emitted 
by their own flam.es, should thus exist. If these results are confirmed, this 
property of metallic vapors might be made a test of the alleged metalline 
nature of certain gases. Incandescent hydrogen gives colored spectral bands 
of its own (page 59) ; but these have not been found to possess any absorbent 
pov/er at ordinary temperatures. This result is adverse to the hypothesis of 
its metalline nature. 

Products of Oomhiistion.'—The products of ordinary combustion in oxygen 
are chiefly water and carbonic acid. They are quite unfitted to sustain com- 
bustion, and unless removed as they are produced, they speedily arrest the 
process. 

Combustion by Oxygen SaUs.>— Deflagration,-— li is not necessary that 
oxygen should be in the free or gaseous state, in order that combustion 
should take place. Salts which abound in oxygen, such as the alkaline per- 
chlorates and chlorates, nitrates and bichromates, when mixed with sub- 
stances which have a tendency to unite with oxygen— e. g., charcoal, sulphur, 
or phosphorus— and heat is applied to the mixture, give rise to combustion 
of a most intense kind. The salts above mentioned, contain a large propor- 
tion of oxygen by weight, and this is readily evolved in contact with a com- 
bustible. Even the liquid acids of these salts, in a free state, are capable of 
producing the phenomena of combustion. Dr. Roscoe found that pure per- 
chloric acid, obtained from the perchlorate of potash, was a most powerful 
oxidizing agent. A single drop of the liquid brought into contact with 
charcoal, paper, wood, alcohol, or other organic substances of the like nature, 
caused combustion with explosion, falling not short in violence of that of 
chloride of nitrogen. 

The sudden conversion of gunpowder into gaseous and vaporous matter is 
dependent on the oxygen of the nitre combining at a high temperature with 
the charcoal and sulphur. Gun-cotton contains nitrous acid in large propor- 
tion. This readily parts with its oxygen at a moderate heat, and the carbon 
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and hydrogen of tlie cotton are entirely consumed. If a quantity of nitre is 
melted in a flask, and a piece of red-hot charcoal is dropped on the melted 
salt, it will continue to glow as a result of combustion, at every point at 
w^hich it touches the nitre, until all the charcoal or the nitre has been consumed. 
If chlorate of potash is melted in a flask, and a piece of lighted wood is 
introduced into the liquefied salt, there is violent and intense combustion, 
almost amounting to explosion. A mixture of finely-powdered charcoal, 
with an equal portion of powdered nitrate or chlorate of potash, burns, when 
heated, with great violence, giving rise to the phenomena of deflagration. 
This process of combustion is occasionally resorted to by chemists for 
oxidizing carbon, sulphur, and phosphorus in organic substances, in order 
to convert the elements to salts, and determine the presence and proportion 
in which they exist. A mixture of twenty-eight parts of ferrocyanide of 
potassium, twenty-three parts of white sugar, and forty-nine parts of chlorate 
of potash, is known under the name of ^^ white gunpowder J^ In combustion 
it produces a large amount of gaseous matter, consisting of nitrogen, carbonic 
acid, carbonic oxide, and aqueous vapor. This is a dangerous compound to 
prepare or even to preserve. The materials should be separately powdered, 
and then mixed, Mr. Hudson has observed, that when the materials are 
ground together with a little w^ater and dried at 150^, the powder is much 
more explosive. Even simple friction with a spatula, or slight compression, 
v/as then sufficient to cause a violent explosion. A drop of sulphuric acid 
will explode it ; it may also be exploded by percussion. This chemist found 
that its explosive force was twice as great as that of common gunpowder. 
( Ghem. Neios, Aug. 24, 1861.) It would prove a dangerous substitute for gun» 
X)0wder, but it might be serviceable as a composition for shells. An explo- 
sive mixture is also formed by powdering separately, and mixing, two parts 
of the black sulphide of antimony with one part of chlorate of potash. This 
composition, when dry, is exploded by friction or percussion, by heat, or by 
the contact of concentrated sulphuric acid. It furnishes an instance of violent 
combustion, at the expense of the oxygen of the chloric acid. 



CHAPTER VIII. 

OZONE.— ALLOTROPIC OXYGEN.— ANTOZONE. 

History. — In addition to the ordinary state in which oxygen is known to 
chemists, it is believed to exist in another state—that of allotropic oxijgen^ 
or, as it is generally called. Ozone. It had been noticed that a peculiar 
pungent odor, resembling that of phosphorus, was sometimes evolved on the 
discharge of the electric spark— that litmus paper was reddened— that 
starch-paper moistened with iodide of potassium was rendered blue ; and 
that paper moistened with potash, deflagrated when dry. These" effects were 
generally referred to the production of nitric acid by the oxidation of the 
nitrogen of the air. In 1840, Schonbein of Bale announced that in the 
electrolysis of water, this odorous body appeared at the positive pole of the 
battery (if of platinum) and that it might be preserved in well-closed bottles. 
He considered it to be an electro-negative element, and named it Ozooe 
(from o?w to smell). In the Gomptes Eeiidus for 1850, he described a 
method of procuring it from phosphorus and ether, as w^ell as its most 
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characteristic properties ; and announced that it was produced iff tM 
atmosphere, especially during winter, as the result of electrical changes. 

In a lecture at the Koyal Institution, in June, 1851, Mr. Faraday gave an 
account of Schonbein's researches, with the results of his own observations. 
Fremy and Becquerel in France, and Dr. Andrews and Dr. Tait in this 
country {Phil Trans., 1855-6) have since investigated the subject. [The 
reader is also referred to an Essay by .Dr. Scoutetten, entitled L^ Ozone, on 
VOxygene electrise. Paris, 1856 ; and for a more recent account of Ozone 
in its medical aspects, to a Paper by Dr. Moffat, read at the British 
Association Sept. 1861. 

The results obtained by different observers tend to show that ozone is 
oxygen in an altered state ; and that this conversion may be produced by 
the electric spark (when silently emitted) — by current electricity in the 
decomposition of water, and by various chemical processes ; further that 
however produced, the properties are the same. The principle evolved is 
characterized by a peculiar odor, and by an intensely oxidizing and bleaching 
power— so that substances on which common oxygen produces no effect, are 
rapidly oxidized on contact with air which contains only a small portion of 
this odorous principle. 

Prepai^ation.—l^hQ most convenient method of procuring ozone, or rather 
an ozonized atmosphere, is to place in a large bottle of air, which can be 
completely closed, a stick of phosphorus freshly scraped. Sufficient distilled 
w^ater should be poured into the bottle to partially cover the phosphorus ; 
the vessel should then be closed with, the stopper, and kept in a room at a 
temperature between 60° and 70^. The phosphorus is oxidized in the 
bottle in the usual way ; and during this process of oxidation, a portion of 
the oxygen passes to the state of ozone, and is diffused through the air of 
the bottle. The test for its presence is a slip of paper moistened with a 
solution of starch and iodide of potassium. {See page 104.) "When ozone 
is produced, this paper, on immersion, acquires a blue color, owing to the 
oxidation of the potassium and the production of iodide of starch. If a 
similar slip of paper is put into a similar bottle of air, containing distilled 
water without phosphorus, no change is produced. In a warm room, the 
evidence of the presence of ozone in the bottle is usually procured in about 
ten or twelve minutes ; but the maximum quantity of ozone is found in it 
in from two to ten hours. Only a small part of the oxygen (from 1-5 0th to 
l-200th) appears to undergo this change ; and if long kept, the ozone may 
be lost by combining with and oxidizing the phosphorus. So if the iodide- 
paper be left in the bottle, the blue color will after a time disappear, by the 
ozone combining with the iodine to form iodic acid. It is not produced in 
dry oxygen, nor in humid air, or in oxygen mixed with certain gases or 
vapors which prevent the oxidation of phosphorus ; but it appears to be 
more readily produced, cceieris paribus, when oxygen is mixed with nitrogen, 
hydrogen, or carbonic acid. By washing and decantation, the ozonized air, 
which is cjuite insoluble in water, may be deprived of the phosphorus-vapor 
associated with it, and kept in well-closed bottles. It is speedily lost by 
diffusion. Graham found that ozone traversed dry and porous stoneware. 
Ozone may be produced on a small scale, by placing a piece of phosphorus 
with water in a watch-glass and inverting over this, another glass containing 
the test-paper or liquid. 

Ozone is produced by passing the electric spark silently into pure Siud dry 
oxygen. Fremy and Becquerel found that pure oxygen, contained in a sealed 
tube, when treated for a sufficient time with a series of electric sparks, under- 
went a complete conversion into ozone, as the whole contents of the tube 
when broken were absorbed by a solution of alkaline iodide, in which it was 
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immersed. In the electrolytic decomposition of water the oxygen at the 
positive pole has ozonic properties, provided the poles employed are of gold 
or platinum. The hydrogen evolved gave no indication of ozone. Faraday 
found that a mixture of iodide of potassium and starch was decomposed at 
the positive pole, even after the gaseous oxygen had been made to pass 
through a tube containing a layer of cotton soaked in a solution of potash. 
The object of this arrangement was to arrest any acid which might be simul- 
taneously produced, and thus lead to the decomposition of the iodide. Dr, 
Letheby found that the ozone thus evolved at the positive pole possessed the 
same power of coloring strychnia or aniline as the oxygen (ozone) liberated 
by sulphuric acid from the peroxides of manganese and lead, and from chromic 
acid. 

In 1850, Schonbein found that ozone was a product of the slow combus- 
tion of ether. If a small quantity of ether is poured into a jar or bottle^ 
and a clean glass rod, or small iron poker, heated to about 500^, is introduced, 
acid vapors are given off which redden wetted litmus paper at the mouth of 
the jar, and which set free iodine from iodide of potassium, causing the blueing 
of starch -paper impregnated with this salt. After the removal of the rod or 
poker, several strips of paper successively introduced into the jar will undergo 
the same change. Clean platinum, and even copper, will produce similar 
effects. The residuary ether in the jar at the same time acquires new pro- 
perties. It bleaches sulphate of indigo, and converts chromic into blue 
perchromic acid (owing to the presence of antozone or peroxide of hydro- 
gen). 

If the rod or metal used in this experiment is too strongly heated, the 
ozone formed is reconverted into oxygen ; and if it is not sufficiently heated, 
no ozone is produced. In either case the tests fail to show the presence of 
an oxidizing body. It has been suggested that the results of this experi- 
ment are explicable on the supposition that the nitrogen of the air is burnt, 
or oxidized at a low temperature, and converted to nitric acid : but the fact 
that they are not observed at temperatures at which ozone cannot, and nitric 
acid can, exist ; and further, that the ether itself undergoes changes which admit 
of no explanation on this hypothesis, are circumstances adverse to this view. 
As a permanent source of ozone, Boettger has recently suggested that a 
mixture should be made of two parts of permanganate of potash and three 
parts of sulphuric acid. The pasty mass thus produced will, he states, con- 
tinue to give off ozone for several months. {Ghem. Neios, Aug. 1861.) The 
effects in this case have been referred to the presence of chlorine. {Ghem, 
Mivs, Oct. 26, 1861.) 

Properties. — It has been found that in whatever manner ozone is produced 
its properties are the same. It is insoluble in water, alcohol, and ether. 
When much diluted with other gases, it is destroyed by agitation with a large 
quantity of water. • It is readily dissolved by a solution of an alkaline ^iodide, 
converting it to iodate, and it is absorbed by leaf silver in a humid state. 
It decomposes the protosalts of manganese (sulphate and chloride), pro- 
ducing peroxide, and causing a brown stain on paper immersed in these 
solutions. Silver leaf, on which common oxygen has no action is, when 
wetted and exposed to ozonized air, slowly oxidized, and the ozone disap- 
pears. Andrews found that (^r^ silver, whether in leaf or filings, entirely 
destroyed ozone when prepared by electrolysis or by frictional electricity, 
and that mercury had also the property of absorbing it. Thin films of metal- 
lic arsenic and antimony are oxidized by it — the arsenic is rapidly converted 
into arsenic acid and disappears. This experiment, which seems to distin- 
guish a deposit of metallic arsenic from one of antimony, may be thus per- 
formed. Place a watch glass, containing the deposit of arsenic, over an- 
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other containing a clean slice of phosphorus with a few drops of water. In 
a few hours the arsenical deposit will entirely disappear. Peroxides of man- 
ganese, silver, lead, and iron, as well as oxide of copper, destroy it, or rather 
convert it to oxygen. Among other reactions, the sulphides of lead and 
silver are changed into white sulphates, and cyanide of potassium into 
cyanate of potash, while the yellow ferrocyanide is converted by it into the 
red ferricyanide of potassium. 

Organic substances are variously affected by it. Vegetable colors are 
bleached or altered. Blue litmus is bleached without being first reddened. 
The color of sulphate of indigo is discharged when the liquid is shaken with 
ozonized air. Filtering-paper, soaked in aniline or pyrogallic acid, is rapidly 
turned brown. Andrews found that caoutchouc and cork are rendered 
brittle and destroyed. Besanez noticed that uric acid in water, when shaken 
with ozonized air, was dissolved and changed into urea and allantoin. {Rep, 
de Pharm., 1859, and Chem. News, 1, 3^.) He also found that ozone readily 
entered into combination with tannic acid, and that oxalic acid was a pro- 
duct of this union. 

All these chemical changes are due to oxidation ; and oxides alone result. 
In many respects ozone resembles chlorine. It readily displaces hydrogen, 
oxidizing it as well as the radical with which it is associated. It will even 
combine with nitrogen at common temperatures, when in contact with water 
and a base. Ozonized air, placed over lime-water, produced nitrate of lime, 
and from this compound, nitre was procured by double decomposition 
(Schonbein). It oxidizes ammonia, and sulphuretted hydrogen gas, and 
converts nitrous and sulphurous, into nitric and sulphuric acids. It acts as 
a powerful disinfectant, and its influence in the atmosphere, is considered to 
be exerted in oxidizing and destroying foul effluvia." It is at any rate diffi- 
cult to procure evidence of the presence of ozone in the vicinity of these 
effluvia, or in densely populated places ; and it is equally difficult to under- 
stand how ozone in a free state, can be to any extent diffused through the 
atmosphere, when its tendency to combine with all oxidizable' substances is 
proved to be so powerful. 

Although ozone is not soluble in water, it appears to be dissolved by 
certain liquids. The oils of turpentine and cinnamon, which have been kept 
for a long time in contact with air, contain it in such quantity that they 
possess remarkable bleaching powers. Ozone is a constituent of the alka- 
line permanganates, and when these are dissolved in water it exists poten- 
tially in a state of solution. The destruction of the pink color of the per- 
manganate of potash by organic matter, is probably owing to the separation 
of the oxygen as ozone. One drop of a solution of the permanganate added 
to a mixture of iodide of potassium and starch, produces the blue iodide of 
starch by oxidizing the potassium. Sulphate of indigo is bleached by this 
liquid, and foul effluvia are oxidized and lose their offensiveness. An alkaline 
permanganate, under the name of ozonized water, has been of late much used 
in medical practice as a deodorizer. The peroxide of manganese— one of 
the class of ozonides, presents similar properties. The peroxide has no action 
on a solution of iodide of potassium and starch ; but if a little acetic acid is 
added, oxygen, as ozone, is set free, and the liquid immediately acquires a 
blue color. If diluted sulphate of indigo is substituted for the alkaline 
iodide, the color is discharged. The compounds containing oxygen as ozone 
are called, by Schonbein, ozonides. The following are the principal : — 
Mn^O^ Pb02 CrOg Co^Og MnOg 

MnOg AgOg BiO, ^303 

Among these, peroxide of lead appears to have a most. energetic action. 
Without the addition of any acid, it instantly sets free iodine from iodide of 
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potassiora, and bleaches a solotion of sulphate of indigo. When one part of 
dry sulphur is rubbed in a warm mortar with five or six parts of dry peroxide 
of lead, the oxygen, as ozone, is«sudden]y given off with combustion of the 
sulphur, and formation of sulphide of lead. 

Mr. Spencer enumerates the magnetic oxide of iron as one of the com- 
pounds of this metal, containing oxygen in the state of ozone. He has 
constructed a filter in which this mineral substance is the active material for 
the purification of water, by oxidizing and destroying all organic matters 
contained in it. 

One of the most remarkable properties of ozone is, that from whatever 
source it may be derived— it is reconverted into oxygen by a moderate heat. 
If the heat be between 500^ and 600°, the conversion is immediate ; at a 
lower temperature (450*^) it takes place more slowly. Andrews found that 
no water was produced during this conversion, and that only pure oxygen 
resulted. Fremy and Becquerel have confirmed this result. This disposes 
of the question, whether ozone is a higher oxide of hydrogen. It obviously 
contains no hydrogen. Ozonized air passed through a tube heated as above 
mentioned, produces the usual reaction on iodide paper on entering the tube, 
but has entirely lost this property when it passes out. Hence, while elec- 
tricity converts oxygen into ozone— -heat reconverts ozone into oxygen. 
Electricity, in long-continued sparks, will also bring about this reconversion 
into oxygen. Earaday has proved by experiment that when electrical dis- 
charges are made through a heated platinum coil, no ozone is produced, 
while, when the coil was allowed to cool, ozone reappeared with each spark. 
These facts show not only that ozone is oxygen ; but also that the oxidizing 
effects attributed to it in the various modes of its production cannot pro- 
ceed from the presence of nitric acid, hyponitric acid, or chlorine, A heat 
of 500^ would not destroy the oxidizing action of these compounds. 

When peroxide of manganese is heated, oxygen is said to be given off; 
but ozone may, in this case, be evolved, and converted into oxygen by heat, 
(Schonbein.) Peroxide of manganese, iron, and lead, absorb ozone, and 
convert it into oxygen at all temperatures. When either of these compounds 
is mixed with chlorate of potash, and heated^ it is well known that oxygen 
is obtained from the chlorate at a much lower temperature than when the 
oxide of manganese or chlorate is separately heated ; but no oxygen is 
evolved from the peroxide {see page 81). Schonbein explains this singular 
phenomenon by assuming that the chlorate is a compound of chloride of 
potassium and of oxygen as ozone ; and that this combined ozone, like free 
ozone, is changed by the peroxide to oxygen, and is thus readily separated 
from the chloride. The oxygen thus obtained, always contains chlorine. It 
has the odor of this gas, bleaches litmus paper, decompo.ses iodide of potas- 
sium, and precipitates a solution of nitrate of silver. It is probable that, 
in this case, the ozone displaces a portion of the chlorine from the chloride, 
and that some manganate of potash is formed. 

Peroxide of iron has even a more powerful effect by contact with the 
chlorate. A thousandth part of the peroxide mixed with the fused chlorate, 
was found to liberate oxygen abundantly; and with one two-hundredth part, 
the oxygen was evolved with great rapidity — the saline mass becoming 
incandescent. A mixture of one part of peroxide with thirty parts of chlo- 
rate, when heated to the point of fusion, brought about an ignition of the 
mass with an evolution of the gas almost amounting to explosion. (Pelouze 
et Fremy, Op. cit. 1, 194.) In this case, also, chlorine is set free, and 
probably some ferrate of potassa is formed. 

Tests. — Yarious methods are employed for testing the presence of ozone 
in a gaseous mixture containing it. The iodide of potassium and starch 
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elsewhere referred to (page 101), is generally employed, and is known as 
Schonbein's test. It is thus prepared : One part of pure iodide (free from 
iodate) is dissolved in two hundred parts of distilled water ; ten parts of 
starch, finely powdered, are mixed with the solution, and the liquid is gently 
heated until it is thickened from the solution of the starch. White unsized 
or sized paper is soaked in the liquid : the paper is dried, cut into slips 
three inches long by three quarters of an inch wide, and these are preserved 
in a stoppered bottle. 

When intended for use, a slip of the prepared paper is exposed to a free 
current of air in a spot sheltered as much as possible from rain, light, and 
foul effluvia, for a period varying from six to twenty-four hours. An inge- 
niously constructed box has been contrived by Mr. Lowe for testing the 
atmosphere {Proc, H. S., vol. 10, p. 531). By exposure, the paper becomes 
brow^n, and when wetted acquires shades of color, varying from a pinkish 
white and iron gray to a blue. A chromatic scale, covering 10^, has been 
contrived by Schonbein, with which the changes in the wetted paper may be 
compared. Fremy recommends, as a test, white blotting-paper, soaked in 
an alcoholic solution of guaiacum, and dried in the dark. By exposure to 
an ozonized atmosphere this paper acquires a bright blue color. Houzeau's 
test is a strip of litmus paper of a wine-red color, of which one-half has been 
soaked in a solution of iodide of potassiuni in water, in the proportion of 
one per cent. As a result of exposure to ozonized air, the iodized portion 
becomes alkaline, and the paper acquires a deep blue tint. The other por- 
tion preserves its normal color; and by showing an acid or alkaline reaction, 
may reveal the presence of vapors in the air, wdiich might otherwise be a 
source of error. 

As paper is fragile, slips of clean calico ^(containing starch), dipped in 
iodide of potassium, have been substituted by Mr. Lowe. This gentleman 
found that twenty-four hours' exposure was required for a satisfactory result. 
The calico may be used dry, and wetted after the exposure is complete. The 
iodized calico acquires various shades of a brown color, becoming pink, gray, 
or blue, when dipped in w^ater. Mr. Lowe observed that the strongest effect 
was produced during the nighty and at some elevation above the ground ; 
also that the months of January, February, and March, gave the largest 
amount, both day and night. On a great number of days on which obser- 
vations were made, there were no visible traces of ozone. Other observers 
have found it to vary according to locality, the season of the year, the hour 
of the day, the direction of the wind, and the height of the place above the 
level of the sea. It is seldom found in closely inhabited spots. In some 
observations made at Brighton, Mr. Faraday procured evidence of ozone on 
test-paper exposed to a current of air from the sea, close to the sea-shore, 
as well as in the air of the open downs above the town ; but none in the air 
of the town. Dr. Angus Smith could not detect ozone in the air of Man- 
chester ; but at a distance, it w^as easily recognizable when the wind was not 
blowing from the town. Some strips of paper, prepared by the process 
described (see above), were exposed in Southwark, and at Connemara, in 
Ireland. At the former place, there was no change in twenty-four hours ; 
while at the latter, the paper acquired a brown color in a few hours ; and on 
dipping it into water it became blue. It has been objected to this mode of 
testing, that the change in the alkaline iodide under these circumstances, 
may be due to chlorine, nitric, and other acids, or to organic compounds 
diffused in the atmosphere, and not to ozone. But it is to be observed, that 
the test-paper remains unchanged exactly in those spots where such com- 
pounds would be likely to exist (^. e., in inhabited towns) ; while the 
chemical effect is observed to be at a maximum on open heaths, or downs, 
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on the sea-coast, and on lofty elevations, where there is no conceivable 
source of such impurities in the air. It is possible, too, as M. de Luca has 
suggested, that the nitric acid, even if really existing in the air of those 
places, may itself be the product of the oxidation of nitrogen by ozone: and 
this may be the source of nitric acid, often found in rain-water, and even in 
the atmosphere {Oomptes Rendits^ and Chemical News, Septeniber T, 1861, 
p. 136). The absence of any reaction for 118 days out of 365, and the 
greater effect by night than by day, in wet than in dry weather, and in 
winter than in summer, show that these phenomena are not due to the 
presence of such impurities in the air as those suggested. At the same 
time, the presence of a large quantity of iodate of potassa in the iodide used, 
may have been a fertile source of error. A discoloration of the paper may 
then be produced by such compounds as sulphurous acid and sulphuretted 
hydrogen. 

Constitutmi.'— Ozone has been proved to be oxygen in a changed condition. 
Andrews found that peroxide of manganese in absorbing it, underwent no 
sensible increase of weight, although as much as 0*9 gr. were apparently 
destroyed ; no water was produced. Hence it was transformed to oxygen, 
merely by contact, and it could not have contained any hydrogen. In its 
production by electrolysis, he also noticed that the active oxygen was exactly 
equal to the entire weight of the ozone— and was therefore identical with it. 
(Proc. E.S., vol. *7, p. 476.) When oxygen has been contracted in bulk by 
the electric spark in the production of ozone, peroxide of manganese 
restores it to its original volume (vol. 9, p. 608). In fact, the conclusion 
drawn by the writer, is in accordance with the results of Schonbein, Faraday, 
Becquerel, and others- — that ozone, from whatever source derived, is one and 
the same substance, and is nolf a compound body, but simply oxygen in an 
altered or allotropic condition. 

Antozone, — While ozone is considered to be active oxygen in a — • state 
or ©, antozone is active oxygen in a -f state or 0. 

Antozone at present is only suspected to be a constituent of certain 
peroxides. Of these compounds, Schonbein has furnished the following list, 
under the name of antozonides ; — 

HO2 NacjOg Sr02. 

KO3 BaOg 

In its action on alkaline iodides and in its bleaching properties, antozone 
resembles ozone. The differences pointed out by Schonbein are not very well 
marked. An ozonide evolves chlorine with hydrochloric acid ; gives a blue 
color to the precipitated resin of guaiacum, and turns aniline (on paper) 
brown. It does not produce peroxide of hydrogen. An ozonide (MnOg), 
with sulphuric acid, produces a rich series of purple colors with strychnia. 
An antozonide (BaO^) similarly treated does not. Although dealing with 
peroxides in both cases, the oxygen as it is evolved, must therefore be 
different in its properties. The oxygen of an ozonide or antozonide, 
produces effects which common oxygen does not produce ; and it is further 
remarkable that these two oxygens, which appear to be in oppositely polar 
conditions, have the power of neutralizing each other on contact, and of 
evolving ordinary oxygen in a pure state. Thus, when permanganate of 
potash or peroxide of manganese is mixed with a solution of peroxide of 
hydrogen, oxygen gas with its usual neutral properties, is given off (MnOg 
-j- II03=Mn03-i- HO + 0). There is after the mixture, no evidence of ozone 
—of antozone or of allotropic oxygen in any form. If oxygen be thus 
constituted, it should follow that whenever ozone is produced, antozone 
must also be liberated. In a recently published paper, Schonbein has 
stated, that in the ordinary production of ozone by phosphorus and water, so 
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soon as the ozone appears, peroxide of hydrogen (HO^, or antozone) may 
be detected in the water in which the phosphorus is immersed. By agitating 
the phosphorus with the water, he found that this liquid acquired the 
property, which it possesses in common with ozone, of oxidizing potassium, 
and setting iodine free from the iodide. In his view, by mere contact with 
phosphorus, neutral oxygen is split or decomposed into two oppositely 
active conditions — the positive oxygen being absorbed by the water, to' form 
peroxide of hydrogen, whilst part of the negative oxygen escapes, on 
account of its gaseous and insoluble nature, into the atmosphere above the 
phosphorus. The greater part, however, combines to form phosphorous acid, 
which, like phosphorus itself, can remain in contact with peroxide of 
hydrogen without abstracting its active oxygen. {Ghemisch. Gent, Blatt, 
Jan. 1860, and Chemical News, Feb. 11, 1860.) When pure oxygen is 
converted into ozone by electricity, it is probable that antozone is also 
produced, and that by continuing the electric sparks, or increasing their 
intensity, these bodies are reconverted into ordinary oxygen. When ether- 
vapor and air are combined, at a heat below 500°, ozone is produced in the 
surrounding air, while antozone (peroxide of hydrogen) is dissolved by the 
ether, giving to it bleaching properties, and a power of peroxidizing chromic 
acid. The nearest condition to purity in which antozone has been yet found, 
is in peroxide of hydrogen, obtained by the substitution of hydrogen for 
barium in the peroxide of that metal. (See Peroxide of Hydrogen.) While 
this theory appears to account for many curious facts which have hitherto 
been vaguely referred to action by contact or presence, it fails to explain 
satisfactorily all the phenomena. In the ozonized air obtained by the 
oxidation of phosphorus, the antozone is held dissolved by the water ; but 
the ozone in ozonized air may itself be converted to oxygen by mere heat 
above 500° ; hence the presence of antozone to produce neutral oxygen is 
not always necessary. So the ozone evolved from mixtures of the peroxides 
of manganese and iron with chlorate of potash, is converted into oxygen by 
heat, without reference to the presence of antozone. 



CHAPTER IX, 

HYDROGEN (H = l)o 

History. —In the form of water and aqueous vapor, hydrogen is universally 
diffused over the globe. One-ninth part of this liquid by weight consists of 
hydrogen ; and it is from this source that the gas is readily and abundantly 
procured. The name of the element is derived from the Greek iJgcop, water, 
and y^vvdoi, to produce. Hydrogen is held with such affinity by oxygen and 
other bodies, that it is not found in nature in the free state, Bunsen states 
that he found in it a mixture of gases, collected by him in 1846, from the 
volcanic district of Nimarfjall, in Iceland. It existed in the proportion of 
45 per cent. Hydrogen is an important constituent of animal and vegetable 
matter, entering largely into the composition of flesh and woody fibre. In 
union with carbon, it forms a large number of gaseous, liquid and solid 
compounds, known as the class of hydrocarbons. Associated with carbon 
and oxygen, it is a constituent of inflammable substances, such as alcohol 
and ether. Hydrogen appears to have been first examined in a pure state 
by Cavendish in 1*166 {Phil. Trans., vol. 56, p. 44). Previously to this it 
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bad been confounded with several of its compounds, under the name of 
iriflaynmable air, 

Prepccration.—-The best method of procuring hydrogen is to place in a 
flask, provided with a bent tube ground to fit the neck — one part of granu- 
lated zinc, four to five parts of water, and one part of strong sulphuric acid. 
There is a brisk effervescence arising from the rapid escape of the gas. This 
should be reduced, if too violent, by the addition of more water. It is a 
singular fact that, thd purer the zinc, the less energetic is the chemical 
action ; and, indeed, pure zinc is scarcely affected by the acid. The gas may 
be collected in the ordinary water-bath. The first ' portions are always con- 
taminated with air, and at least three times the capacity of the flask used, 
should be rejected before the gas is collected for experiment. To ascertain 
whether the hydrogen is quite free from air, a few bubbles may be passed 
into a jar containing deutoxide of nitrogen placed over the bath. If no red 
fumes are produced, the gas is sufficiently pure for collection. The chemical 
changes which take place may be thus represented, S03,HO + Zn=ZnO,S03 
-fH. The hydrogen is entirely derived from the decomposition of water^ 
and as the gas is scarcely dissolved by this liquid, it is readily collected in 
large quantity. A cubic inch, or rather more than half an ounce of water 
by measure, contains twenty-eight grains of hydrogen, representing 1350 
cubic inches, or about five gallons of the gas. In place of a tubulated flask, 
a wide-mouthed bottle, provided with a funnel-tube for pouring in the acid, 
and a bent delivery tube for the escape of the gas, may be employed. 

Other methods have been suggested for procuring hydrogen, but they are 
seldom resorted to. Thus, iron has been substituted for zinc, but the gas is 
much less pijre, and has generally an offensive smell from its producing an 
oily volatile compound by uniting with the carbon of the iron ; sulphuretted 
hydrogen and other impurities may also be present. 2. Hydrogen may be 
obtained by passing the vapor of water over iron-turnings or wire, heated to 
redness in a porcelain tube. In this case the iron is converted to magnetic 
oxide [3Fe-|-4HO=Fe304 (magnetic oxide) +4H]. 3. It may be obtained 
by introducing a ball of sodium or potassium, wrapped in paper, into a stout 
jar full of water, placed over the water-bath. Hydrogen is here evolved 
without the intervention of an acid, and an alkali is produced (Na+HO = 
JSTaO+H). The hydrogen of water may be set free by alkalies as v/ell as by 
acids in their reaction on metals. Thus aluminum in a strong solution of 
potash liberates the hydrogen and appropriates the oxygen (2AH-KO + 3I-IO 
=A1A+K0 + 3H). 

As both zinc and sulphuric acid are frequently contaminated with arsenic 
and sulphur, hydrogen, as it is usually obtained, is very impure. The purity 
of the materials may be determined by generating the hydrogen in a bulb- 
tube, and. passing the gas into diluted solutions of nitrate of lead and nitrate 
of silver. A brown discoloration of the lead indicates sulphur, while a 
brownish-black precipitate in the silver solution indicates arsenic, phospho- 
rus, or antimony. In order to determine whether the impurity is in the zinc, 
some of the metal should be treated with sulphuric acid of known purity, and 
the gas thus produced separately tested. The presence of arsenic in hydro- 
gen is a dangerous contamination; the poison is not only set free during 
combustion, but if the gas should be accidentally breathed, it may cause 
serious symptoms, and even death. A Dublin chemist lost his life a few 
years since by inhaling hydrogen thus contaminated with arsenic ; the purity 
of the sulphuric acid had not been previously tested. The absolute freedom 
of hydrogen gas from arsenic, antimony, phosphorus, or sulphur, may be 
proved by introducing into a jar, with its mouth downward, a slip of filtering- 
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paper, moistened with nitrate of silver. The paper should not be discolored 
in the gas, if pure. 

In order to procure pure hydrogen, pure materials should not only be used, 
but the gas should be collected over mercury. Hydrogen may be freed from 
all the usual impurities by passing the gas, before collection, through two 
U- tubes, both containing broken pumice— in the one tube, impregnated with 
a solution of potash, in the other, with a solution of corrosive sublimate. In 
the first tube, the compounds of sulphur and carbon are separated, and in 
the second, those of arsenic and phosphorus. Hydrogen may be obtained 
perfectly dry by causing it to traverse a third tube containing chloride of 
calcium, after it has left the purifying apparatus. 

The hydrogen liberated by the electrolysis of water from platinum surfaces ' 
(see Water), may, when dried, be considered as absolutely pure. In this 
form, hydrogen has been employed by Mr. Bloxam for the separation of 
arsenic and antimony from organic liquids. 

Properfo.— -Hydrogen is a gas which has not yet been liquefied by cold or 
pressure : it is not dissolved by water, unless that liquid has been previously 
deprived, by long boiling, of common air, in which case 100 cubic inches 
dissolve about 1-5 cubic inches of the gas. When perfectly pure it has 
neither an acid nor alkaline reaction, has no taste, and is inodorous ; but as 
it is commonly made, it has a slightly disagreeable smell from traces of 
foreign matters associated with it. It may be respired for a short time, 
although it is fatal to small animals. It does not act as a poison, but causes 
death by suffocation, ^. e., by the exclusion of oxygen. As a substitute for 
nitrogen in atmospheric proportions with oxygen, it has been breathed for 
some time without any other effect than that of producing a slight tendency 
to sleep. The intensity of sound is greatly diminished in an atmosphere of 
hydrogen. Leslie, indeed, found that the sound was more feeble than the 
rarity of the gas, compared with air, would have led him to expect. He 
placed a piece of clock-work by which a bell was struck every half minute, 
under the receiver of the air-pump, and, after exhausting the air, filled the 
receiver with hydrogen; but the sound was then even feebler than in the 
highly-rarefied atmosphere. (Ann. Philos., 2d Series, 4, IT 2.) It is stated 
that sound moves at least three times as fast in hydrogen as in air. 

Hydrogen gas is the lightest known form of matter. It is 14*4 times 
lighter than air, and 11,000 times lighter than water. In consequence of its 
extreme lightness, it is difficult directly to determine its weight with accu- 
racy by the common process ; but the researches of Berzelias and Dulong, 
and of Dr. Prout, lead us to infer that its specific gravity, compared with 
oxygen, is as 1 to 16 : 100 cubic inches, therefore, of pure hydrogen gas at 
mean temperature and pressure weigh only 2*14 grains, and, compared with 
air, its specific gravity would be nearly as 7 to 100, or more correctly as 
0*0691 to 1. Boussingault and Dumas have shown that the density of hy- 
drogen is between 0-0671 and 0*0695. (Ann. Oh. et Phys., 3d series, 8, 201.) 
At a temperature of 32^, 100 cubic inches weigh 2*22756 grains. (Thom- 
son.) It has the highest refracting power of all the gases. Compared with 
air it is 6614 to 1000. In relation to magnetism, it was found by Faraday 
to be diamagnetic ; a vacuum being 0*0, hydrogen was 0*1. In the mag- 
netic field, a tube containing it assumed an equatorial position, or pointed 
east and west. Its specific heat, compared with an equal weight of air, was 
12*340 to 1000. In its electro-chemical relations hydrogen is strongly posi- 
tive, and in electrolysis always appears at the negative pole. It displaces 
the metals under these circumstances, and enters into combination with the 
oxygen or salt-radical. This is one of the facts which is considered to favor 
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tbe hypothesis that hydrogen itself is the gaseous state of a metal perma- 
nently volatile at the lowest temperature. 

The low specific gravity of hydrogen may be illustrated by substituting 
it for common air, in soap-bubbles, which then rapidly ascend in the atmo- 
sphere, and may be kindled by the flame of a taper. This property led to 
its employment formerly in the inflation of balloons, but of late years coal- 
gas has been substituted. Small balloons, made of gold-beater's skin, or of 
collodion, when filled with pure hydrogen, dried by passing it through a 
tube containing chloride of calcium, rise in the air, their specific gravity 
being inferior to that of the surrounding atmosphere. 

Hydrogen is inflammable, and extinguishes flame. When pure, it burns 
quietly, with a pale yellowish flame at the surface in contact with air ; but, 
if mixed with twice its volume of air, it burns rapidly, and with detonation. 

The phenomena of its combustion vary according to the mode in which 
the experiment is performed, but the product is always water (HO)— -the 
hydrogen at a high temperature taking the oxygen from the atmosphere. If, 
by withdrawing the glass plate from a jar, a slight aperture only is made, 
the gas may be kindled without explosion, and by the gradual withdrawal 
of the plate, it will burn quietly, and with a scarcely visible flame, until all 
is consumed.. If the gas is kindled, as the cover is suddenly removed, it 
always burns with explosion by its rapid admixture with air in its great 
tendency to diffuse. If the cover be entirely removed, and the lighted taper 
be held six or eight inches above the mouth of a jar, there will be an interval 
before combustion takes place, and the gas will then burn with a loud explo- 
sion. The following experiment may serve as another illustration. Drop a 
piece of potassium into a stout jar containing hydrogen gas, having a stratum 
of an inch of water at the bottom. The potassium at first decomposes the 
water without producing flame ; but, in a few seconds, the air rushes in to 
supply the place of a portion of the hydrogen which has escaped, and the 
mixture is then kindled by the burning potassium with a loud detonation. 
This experiment may be performed with perfect safety in a stout glass jar, 
eight inches deep and two or three inches wide. It illustrates the decom- 
position of water by a metal, and its recomposition by the union of its 
elements at a high temperature. 

It has been stated that hydrogen extinguishes burning bodies ; in other 
words, that it does not support combustion. To prove this, the jar contain- 
ing the hydrogen must be inverted. A large jar filled with the gas, having 
its open end downwards, may be brought over a lighted taper, supported on 
a wire. The gas is instantly kindled, and burns at the mouth of the jar. 
By depressing the jar over the taper this will become extinguished, and the 
blackened wick will be seen in the midst of the hydrogen, which is burning 
below. The taper may be relighted by raising the jar, and again extinguished 
by depressing it, an experiment which may be repeated several times. There 
are other interesting experiments which prove that hydrogen is not a sup- 
porter of combustion in the ordinary meaning of these terms. Place a piece 
of phosphorus in a small saucer floating in a vessel containing a thin stratum 
of water. Kindle the phosphorus, and, when fully burning, cover it com- 
pletely with a jar of hydrogen as with an extinguisher. The hydrogen is 
inflamed at the mouth of the jar, but, with the flame of the phosphorus, it is 
extinguished when the jar is plunged beneath the water. In place of phos- 
phorus, a piece of camphor may be employed with like results. Paper im- 
pregnated with a solution of nitrate of potash, when dried, ignited, and 
introduced into ajar of hydrogen, is extinguished. A certain degree of heat 
is required for the kindling of this gas in air. It is not inflamed by an iron^ 
bar heated to dull redness, but is immediately kindled at a bright red heat. 
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During combustion, hydrogen combines with eight times its weight of oxy- 
gen, producing a more intense degree of heat, weight for weight, than any 
other combustible. {See page 95). 

Hydrogen, when mixed with air, and inflamed by a taper or the electric 
spark, burns with a loud explosion. Cavendish found that the loudest ex- 
plosion was produced by mixing one volume of hydrogen with three of air, 
or two volumes with five of air. One of hydrogen with nine of air burned 
very feebly, and four of hydrogen with one of air burned without explosion. 
{Phil. Trans. J 56.) If, instead of employing a mixture of hydrogen and 
atmospheric air, two volumes of hydrogen are mixed with one of oxygen, 
and inflamed in a stout jar, the explosion is extremely violent ; but if the 
mixture be diluted with eight measures of hydrogen, or with nine of oxygen, 
it no longer explodes. The cause of this violent explosion is owing to the 
sudden conversion of a large volume of mixed gases to liquid water by con- 
densation. As 528 cubic inches of mixed gases produce only 0*4 cubic inch 
of liquid water at 60^, there is a diminution in volume to 2oVo^^ part. A 
vacuum is thus produced, into which the air suddenly rushes, producing a 
loud sound. There is, however, in the first instance, expansion by the effect 
of heat, and this is instantly followed by a condensation of the produced 
steam or aqueous vapor. 

The inflammability and low specific gravity of hydrogen are shown in the 
following experiments : Let a jar filled with this gas stand for a few seconds 
with its mouth upwards ; on introducing a lighted taper, the gas will be 
found to have escaped, and to have been replaced by common air. Place 
another jar of the gas inverted, or with its mouth downward ; the gas will 
now be found to remain a much longer time in the jar, being prevented from 
escaping upwai;ds by the bottom and sides of the vessel. A jar of this gas 
may, for the same reason, be removed with its mouth downwards from the 
water-bath without a cover, and thus transported to a considerable distance. 
It may then be inflamed and burnt, by bringing the open mouth over a 
lighted candle. Place a bell -jar having a narrow neck and containing hy- 
drogen, so that the wide open end may rest on three cubes. The jar may be 
removed from the bath, as in the previous experiment, without any cover. 
Remove the stopper and ignite the gas. It will burn with a fierce flame as 
the hydrogen is forced through the neck by the pressure of the external air 
beneath, and it will finally produce an explosion, but without any danger, 
owing to the last portions of the gas being mixed with the air in explosive 
proportions. If a piece of paper dipped in a solution of nitre and dried, is 
burnt under the mouth of ajar of hydrogen, it will be found that the smoke 
produced will float in a cloud below the gas, owing to the lightness of the 
hydrogen. A jar of air held over another containing hydrogen, from which 
the cover is then removed, will catch the hydrogen as it ascends. The ap- 
plication of a lighted taper will show its presence in the upper jar and its 
absence in the lower jar, in which it was originally contained. Hydrogen 
may, in fact, be decanted, as it were, per ascensum^ from one jar into another 
held above it. Thus, if a light bell-glass be suspended with its mouth down- 
wards to one end of a scale-beam, and accurately counterpoised, it will be 
found, on placing a jar of hydrogen gas '(closed by a plate of glass) under- 
neath it, that the hydrogen, on removing the glass plate, will ascend into 
the bell, and by its lightness cause the counterpoise to sink ; the hydrogen 
may afterwards be inflamed by a taper introduced into the counterpoised 
bell. A large bell-glass, suspended, may be filled with hydrogen by dis- 
placement— ^. e., by opening one or two large jars of the gas beneath it, and 
allowing the hydrogen to ascend. If a bell be struck with a hammer in this 
atmosphere of hydrogen, it will be at once perceived how much the ordinary 
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sound is reduced. A small shade, mounted on a handle, and introduced into 
this atmosphere of hydrogen, with its mouth downwards, will, after a few 
minutes, be filled with hydrogen by displacement. This may be transported 
to a distance, and kindled over a flame. The gas, owing to the admixture 
of air, will burn with a slight explosion. 

If hydrogen is generated in a bottle, provided with a glass tube drawn 
out to a capillary point, it may be burnt in a jet at the end of the tube (the 
Philosopher^ lamp) ; but care should be taken not to insert the cork with 
the jet until all the air has been removed from the bottle by the free escape 
of the gas. The hydrogen burns at first with a long pointed yellowish 
flame, which may be proved to be hollow like other flames {see p. 98). 
Although the light is feeble the heat is intense. Fine platinum wire is made 
white hot in an instant, and sometimes melted. Fine iron wire is rapidly 
consumed by combustion with the surrounding air, and glass is speedily 
melted. If *^a cold glass vessel be brought over the flame, the interior is 
speedily covered with the condensed vapor of water— the result of combustion ; 
and, by a condensing tube, the water thus generated may be easily collected 
and tested. If, while the gas is burning, a tube from half an inch to two 
inches in diameter, and twelve to twenty inches long, open at both ends, be 
brought gradually over the flame, the flame becomes elongated, acquires a 
bluish tint at the mouth of the jet, and a peculiar sound, is heard, varying 
according to the diameter of the tube. This forms what has been called a 
chemical harmonicon or hydrogen music. It arises from the vibration of the 
column of air within the tube, produced as a result of a rapid succession of 
slight explosions during the combustion of the gas. The tone varies in pitch 
with the length and diameter of the tube ; and singular efi'ects may be pro- 
duced by employing for the experiment the tube of a broken retort. If, 
while the sound is issuing, a tube of larger size is placed at different heights 
over the tube in which the hydrogen is burning, there will be remarkable 
modifications of the sound, A small flame is better fitted for the production 
of this phenomenon, but, if too small, the flame may be extinguished by the 
strong current of air passing through the tube. 

We may make use of this flame for the purpose of testing the purity of 
the gas. If apiece of cold glass or white porcelain be suddenly depressed 
on the point of the flame, and the gas is pure, there will be no stain or de- 
posit. Nothing but a film of water will be perceived. If there be the 
smallest trace of arsenic or antimony in the gas, there will be a brown or 
blackish stain, more distinctly visible on the surface of porcelain than on the 
glass. By bending the tube at a right angle, and applying a strong red 
heat, by means of a spirit-lamp, to the horizontal portion, the presence of 
any foreign matters will be revealed. All the gaseous compounds of hydro- 
gen are decomposed at a full red heat ;— the gas passes off, and the solid 
impurity is deposited in a cold part of the tube. In this way the presence 
of the minutest traces of sulphur, arsenic, antimony, phosphorus, or selenium 
may be detected. A film or ring of the substance, recognizable by its color 
or metallic lustre, will be perceptible. As a proof of the facility with which 
hydrogen combines with these contaminating substances, it may be men- 
tioned that when the pure gas is allowed to pass through a connecting piece 
of vulcanized rubber tubing, it will combine with a portion of sulphur, which 
may be re-obtained in a solid state by the method of testing above described. 

In discussing the nature of flame, and the causes of its luminosity and 
heat, allusion has been made to the high temperature of that of hydrogen. 
This gas is occasionally employed for exciting intense heat; and, when 
mixed with oxygen, and burned as the mixture issues from a small jet, it 
produces a temperature nearly equal to that of the arc of flame in the voltaic 
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circuit. A blow-pipe upon this construction was first made by Newman, 
and afterwards improved as to its safety, by Professor Gumming, of Cam- 
bridge. {Journal of Science and the Arts, 1, 6Y, and 2, 880.) Heraraing's 
safety-tube has also been used in these experiments. (See FMl Mag., 3d 
Series, 1, 82.) An excellent mode of obtaining intense heat by the combus- 
tion of oxygen and hydrogen, consists in propelling the two gases, in their 
proper proportions to form water, from separate air-holders through a burner 
composed of two concentric tubes : a good form of such a burner has been 
described by Daniell. (Phil Mag., 8d Series, 2, 5Y.) The apparatus for 
this purpose has been further improved by Maugham, especially as relates to 
its application to the solar microscope. (Trans. Sac. Arts, &c. vol. 60.) 
The gases are now forced into a small chamber, terminated by a platinum jet, 
from which they are burnt. The heat is such that it is capai3le of fusing and 
even volatilizing platinum ; it causes the melting of rock crystal, as well as 
alumina or clay. In this and similar cases where the inflammable gas is 
mixed with oxygen, the nature of the flame is materially altered, the com- 
bustion being entire throughout the body of the flame, and not limited to 
the film in contact with air. Hence, under these circumstances, the quantity 
of the combustible consumed, and the quantity of oxygen combining with it in 
a given time, are greatly increased. Owing to this perfect mixture of oxygen 
and hydrogen, the flame may be described as solid, possessing an intensely 
heating and penetrating power. Although scarcely visible in itself, the 
flame, when received on lime, asbestos, or platinum, emits an intense light 
(see page 92). 

Lime was first used by Lieutenant Drummond as a source of light, with 
the oxyhydrogen jet, in 1826. {Phil. Trans. 1826, p. 324.) By means of it, 
in the Triangulation survey, he successfully connected the opposite shores of 
England and Ireland at or about Holyhead, a distance of sixty-four miles. 
In Scotland, he obtained a successful result on the summits of Ben Lomond 
and Knock Layd, a distance of ninety-five miles. {Gas-Lighting Journcd, 
Jan. 1860.) Dr. Miller states that the Drummond Light has been seen at a 
distance in a right line of 112 miles. Coal-gas, and other inflammable gases 
and vapors, when mixed with oxygen in their combining proportions, burn, 
for the same reason, with what may be described as solid flames. As coal- 
gas, by being overheated in its manufacture, is converted in great part into 
hydrogen, it is not only substituted for this gas in aerostation, but also in 
producing the lime-light ; so that, except for purely scientific purposes, the 
oxyhydrogen flame need not be employed as a source of light. 

Compounds. — The range of combination of hydrogen is not so extensive 
as that of oxygen. It forms with metallic and non-metallic bodies the class 
of Hydrides. The hydrides of the metals are few in number, those of arsenic 
and antimony being the principal. There are three other metals which form 
temporary combinations with hydrogen — namely, potassium, tellurium, and 
zinc. Among non-metallic bodies it forms an alkali with nitrogen ; neutral 
compounds with carbon and phosphorus ; and acids (the class of hydracids) 
with chlorine, bromine, iodine, sulphur, selenium, fluorine, and cyanogen. 
These compounds are, for the most part, products of art. At a red heat, 
hydrogen is a powerful reducing agent ; thus it readily decomposes the 
oxides, chlorides, and sulphides of some of the metals, combining with the 
ox3^gen, chlorine, or sulphur, and setting free the metal in a pure and finely- 
divided state. A current of dry hydrogen passed over oxide of copper, or 
oxide of iron, heated to redness in a tube, takes the oxygen to form water, 
which may be collected in a condensing bulb, or tube. The quantity of 
oxygen contained in the dry oxides may be thus determined. 

Equivalent. — The equivalent, or combining weight, of hydrogen, is, by 
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most English chemists, taken as unity— 1 : it is the standard with which the 
atomic weights of all other bodies are compared. Its volume equivalent in 
gaseous combinations is double that of oxygen, and has been variously 
assigned as two volumes or one. We can perceive no sufficient reason for 
departing from the simplicity of the rule hitherto received, that hydrogen 
shall be regarded as representing unity by volume as well as by weight. To 
assume that there are two standards, and that hydrogen represents weight, 
while oxygen represents volume, presents no advantages in the construction 
of chemicaLformul^, or in the explanation of chemical facts. 

Tests. — Special Characters.-— A.% a gas, hydrogen is easily identified: 1. by 
its inflammability, and the production of water as a result of its combustion : 
2. by its lightness : 3. by its insolubility in water, in solution of potassa, 
and in all liquids : 4. when free from oxygen, by its giving no red vapors 
when mixed with deutoxide of nitrogen; and by the mixture, in equal parts, 
burning without explosion, with a greenish-white flame : 5. by its being 
entirely converted into water when mixed with half its volume of pure 
oxygen, and the gases are combined by the electric spark, by heat, or by the 
action of spongy platinum. For the detection of hydrogen, when in intimate 
combination with carbon and oxygen in organic compounds, another process 
must be resorted to. Hydrogen, it is well known, at a red heat, decomposes 
oxide of copper, and is converted into water {see p. lit). The organic 
substance (starch) is first deprived of water by complete desiccation. It is 
then mixed with dry oxide of copper, placed in a tube, and heated to red- 
ness. The water produced is collected by passing the products through a 
balanced tube containing chloride of calcium. The increase of weight in 
the chloride represents the total amount of water formed ; and one-ninth 
part of this, represents the amount of hydrogen contained in the substance 
under examination. The process for detecting and separating hydrogen is 
included in that which is employed for the determination of water. 

Nascent or Allotropic Eydrogen.—AMhongh the existence of two forms of 
hydrogen is unknown, yet as it is evolved from water by electrolysis, or as it 
is produced in the nascent state by chemical changes, the gas appears to 
have much greater energy in combining, than that which has been once set free. 
It has been long known to chemists, that, under these circumstances, gases 
frequently display great chemical power. In 1841, Mr. Smee noticed that 
porous coke or charcoal, which had formed either the negative pole of a 
battery, retained a portion of hydrogen, and when placed in a solution of 
sulphate of copper, the coke or charcoal was covered with the reduced metal. 
Free hydrogen has no power of decomposing a salt of copper, but in this 
state it was replaced by the metal. {Elements -of JElectro- Metallurgy, 1841, p. 
81.) Ozann and Fremy have made similar observations regarding silver. 
If hydrogen is received on platinum sponge from the negative electrode of a 
battery, until bubbles of the gas begin to appear, it will be absorbed and 
condensed by this porous body. When the platinum sponge was washed 
and placed in a solution of sulphate of silver, there was immediately a 
precipitation of metallic silver. It was also found, that if the hydrogen 
evolved from the negative platinum electrode in the decomposition of water, 
was conveyed immediately into a solution of sulphate of silver, the metal was 
precipitated. When the gas was conducted into water containing perchloride 
of iron, with a trace of ferricyanide of potassium, Prussian blue was formed. 
These results could not be obtained with hydrogen gas in its ordinary state. 
When a current of hydrogen is passed into water containing ammonio-chlo- 
ride of platinum diffused through it, there is no change. If the hydrogen is 
generated by zinc and sulphuric acid in the midst of the ammonio-chloride. 
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there is an immediate decomposition, and finely divided platinum (platinum 
black) is set free. 

If some granulated zinc is placed in diluted sulphate of indigo, and sul- 
phuric acid is added in sufficient quantity to generate hydrogen in small 
bubbles, the indigo is slowly bleached. If the bleached liquid is exposed to 
the air, it will reacquire its blue color. If zinc is placed in a mixture of 
diluted sulphuric and nitric acids, few or no bubbles of gas escape; but 
ammonia is produced by the hydrogen, in the nascent state, entering into 
combination with the nitrogen of the nitric acid. The liquid after some 
hours will contain nitrate and sulphate of ammonia. In the rusting of iron 
in a damp atmosphere, in the oxidation of tin by nitric acid, in the effect 
of heat and of putrefactive changes on nitrogenous matter, ammonia is 
produced by nascent hydrogen combining with nitrogen, althpugh hydrogen, 
when once free as a gas, shows no tendency whatever to combine with 
nitrogen. 

These results, if they do not indicate an allotropic state of hydrogen, 
demonstrate that the combining properties of this element are widely different 
in intensity, according to the circumstances under which the observations are 
made. 

In the electrolytic experiments above described, it has been proved that 
hydrogen may displace copper, silver, and other metals. Hence it has been 
supposed, that it is itself the vapor of a metallic body. Carbon and phos- 
phorus might, however, with equal propriety, be ranked among metals. 



CHAPTER X, 

WATER (H0 = 9)«~-AQUE0US VAPOR. ^ICS. 

History. ^^"WdX^v is an important constituent of the globe. As a liquid it 
covers three-fourths of the earth's surface, forming the ocean. In the atmo- 
sphere it is universally diffused as an invisible vapor, sometimes precipitated 
in the solid state as hail or snow, at others assuming the form of clouds or 
rain. The surface of the earth is itself covered with large masses of water, 
disposed in lakes and rivers. There is scarcely a rock or soil into which 
water does not penetrate. All the superficial strata contain it, and it is 
found in a great number of minerals, in a proportion varying from two to 
twelve per cent, of their weight. It exists in the three states in which matter 
is known to us : 1, as vapor or gas ; 2, as a liquid ; 3, as a solid. The range 
of water as a liquid^ is well known to be between 32° and 212°. It is so 
abundantly found that there is no need to prepare it artificially; and it is 
easily separated from the foreign ingredients with which it is naturally 
associated, by converting it into vapor and subsequently condensing this 
vapor. 

Water was long regarded as an element, and was supposed to be con- 
vertible into earth, until Lavoisier, in 11Y3, showed the fallacy of this notion. 
Cavendish and Watt, in 1781, demonstrated the production of water by the 
combustion of oxygen and hydrogen ; and the former, to whom the important 
discovery of its composition is strictly due, proved the correspondence in 
weight of the resulting product with that of the gases used in its formation. 
Lavoisier first resolved water into its constituents, and Humboldt and Gay- 
Lussac proved that the volume of the oxygen to the hydrogen was exact!}' 
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as 1 : 2. The relative weights of these gases were carefully determined by 
Berzelius'^and Dolong, and shown to be very nearly as 88*9 ; 11 '1, or 8 to 1. 
Chemical Composition. — -Yiewed in a chemical aspect, water is a perfectly 
neutral oxide of hydrogen. The two gases combine in certain proportions 
by weight and volume, but only under fixed conditions. If placed in contact, 
they simply mix or diffuse with each other. When, however, two volumes 
of pure hydrogen are mixed with one volume of pure oxygen, and the mix- 
ture is inflamed in a proper apparatus by the electric spark, they totally dis- 
appear, and water in equal weight to the gases consumed, is formed. Again, 
if water is exposed to electrolytic action, it is resolved into two volumes of 
hydrogen, disengaged at the negative pole or cathode, and one volume of 
oxygen, disengaged at the positive pole or anode; so that water is thus 
proved by synthesis^ and by analysis, to consist of two volumes of hydrogen 
combined with one volume of oxygen. The specific gravity of hydrogen, 
compared with oxygen, is as 1 to 16; these numbers, therefore^ represent 
the comparative weights of equal volumes of those gases ; but as water con- 
sists of one volume of hydrogen and half a volume of oxygen, it is obvious 
that the relative weights of these elements in that compound will be as 1 : 8, 
The accuracy of these numbers has been determined by the elaborate investi- 
gations of Dumas, {Recherches sur la Composition de PJSau, Ann, Ch. et PJi,^ 
Juin, 1843,) Regnault, and other chemists. 

Atoms. Weights. Per Cent. Volumes, 

Hydrogen . . . . . 1 ... 1 ... 11-09 ... 1-0 
Oxygen . . . . . 1 ... 8 ... 88-91 ... 0-5 

Water . . . » . 1 ... 9 ... 100-00 ... 1- 

These results nearly correspond to the weights of the two elements, as 
deduced from their specific gravities. Thus, taking the specific gravity of 
hydrogen at 0'0691, and of oxygen at 1'105T, then 0-0691 x 2 == 0-l'382 
+ 1-1057 (sp. gr. of 0) = 1-2439 ; and 1-2439 : 1-1057 : : 100 : 88-89. The 
specific gravities of the constituents thus give for the composition of water 
88*89 of oxygen, and 11 '11 of hydrogen. The specific gravity of aqueous 
vapor, compared with air as 1, is found to be 0*622. This corresponds to 
one volume of hydrogen and half a volume of oxygen in each volume of 
vapor :— - 

1 volume of hydrogen ...... sp. gr. = 0-0691 

J volume of oxygen " = 0-5528 

1 volume of aqueous vapor . . • • • " = 0*6219 

The volume of aqueous vapor formed is always equal to the volume of 
hydrogen consumed. At mean pressure, and at the temperature of 212^, 
the volume of this vapor is 1689 times that of the water which produces it; 
in other words, a cubic inch, or rather more than half an ounce of water will 
be converted at 212^, into 1689 cubic inches, or about six gallons of vapor. 
100 cubic inches of the vapor weigh, at the temperature of 212^, and under 
mean pressure, 14*96 grains, and at 60^, 19*34 grains. 

The experiments illustrating the composition of water and showing the 
proportions in which its elements are united, may be arranged under syn- 
thesis and analysis. 

Synthesis. — If a current of hydrogen is burnt under a funnel-tube connected 
with a condenser, the gas unites to the oxygen of the air, producing aqueous 
vapor, which may be collected in a receiver. The water thus condensed fre- 
quently has a slightly acid reaction, apparently from the simultaneous com- 
bustion or oxidation of a portion of the nitrogen of the atmosphere, so that 
nitric acid is produced. According to Saussure, if the hydrogen is in excess, 
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the water may contain ammonia. (A^in. de Chi7n., yo\. 11, p. 282.) This 
experiment may be modified by burning a small jet of hydrogen under a tall 
and capacious bell-glass (provided with a stopper), supplying below, by 
another jet connected with a gas-holder, a stream of oxygen equivalent to 
half the volume of hydrogen. The bell-glass may be placed in a glass dish, 
and the jets may be passed through a perforated cork placed in the centre of 
the opening of the bell-glass, and so arranged that they are nearly in contact. 
The water produced, as a result of combustion, will trickle down the sides 
of the vessel, and may be collected in the dish. 

One of the best synthetical processes for the production of water, however, 
is that which was employed by Dumas in his experiments on its composition. 
It consists in reducing a known weight of dry oxide of copper by pure and 
dry hydrogen. The current of hydrogen is purified and dried by the methods 
already described. (Page 108.) The oxide is placed in a bulb of hard 
glass, which can be maintained at a red heat without fusing, and which is 
exhausted of its air before commencing the operation. This is connected 
with another glass bulb, kept cool in order to condense and collect the water 
produced. When the oxide of copper is heated to full redness, and hydro- 
gen is passed over it, only so much oxygen is taken by the hydrogen, as will 
suflfice to form water. Hence the loss of weight in the oxide after the 
experiment, represents the oxygen consumed, and by deducting this from the 
weight of water condensed, the amount of hydrogen combined with the 
oxygen may be readily found. By this arrangement, Dumas produced in one 
operation, upwards of two ounces of water. The results which he obtained, 
correspond as nearly as possible to those already given — namely, in 100 parts 
by weight — 88*888 oxygen, and 11-112 of hydrogen. 

If two measures of pure hydrogen are mixed with one of pure oxygen, and 
the mixture is detonated by an electric spark, in a graduated glass tube, 
standing over mercury, the gases will disappear. If there be any excess of 
eiMier gas, the portion in excess will remain unconsumed. At the moment 
the explosion takes place, the gaseous mixture becomes greatly expanded, 
probably to fifteen times its original bulk (Davy on Flame, p. 90), and a 
portion is apt to escape at the bottom of the tube ; hence to prevent any 
loss, the experiment should be performed over mercury in a syphon tube. 

Oxygen and hydrogen have no tendency to combine when mixed as gases, 
but when they are suddenly submitted to violent mechanical compression, the 
heat of condensation causes them to unite with combustion, and water is 
produced. (Blot.) A red heat, visible by daylight, inflames the mixture ; 
but a dull red heat only causes the slow combination of the gases without 
explosion. Graham states that if a mixture of oxygen and hydrogen be 
heated in a vessel containing a quantity of pulverized glass, or any sharp 
powder, they begin to unite, in contact with the foreign body, in a gradual 
manner without explosion, at a temperature not exceeding 660^. 

In the year 1824, Dobereiner found that spongy platinum, procured by 
heating the dry araraonio-chloride, on platinum foil, possessed the singular 
property of causing the immediate combination of hydrogen and oxygen^ 
with heat sufficient to render the metal red hot, and to inflame the gases. If 
freshly prepared spongy platinum be held on filtering paper, over a jet of 
hydrogen issuing from a small tube into the atmosphere, it will soon become 
hot enough to inflame the gas. If a mixture of oxygen and hydrogen, or of 
atmospheric air and hydrogen, not in explosive proportions, be submitted to 
the action of the platinum, the gases enter into slow combination, water is 
gradually formed, and if there is a sufficiency of oxygen, the whole of the 
hydrogen will disappear under its influence ; if, on the other hand, there is 
an excess of hydrogen, the oxygen will disappear, and the surplus hydrogen 
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reiiSain. In the analyses of the atmosphere and certain gaseous mixtures, 
platinum, in this peculiar state of mechanical division, becomes a valuable 
agent. For its more convenient application to such purposes, and to prevent 
the danger of explosion, the platinum is mixed with an equal weight of pure 
clay, and moulded with a little water into small balls, which, after having 
been slowly dried, should be gradually heated to a high temperature in a 
Bunsen's jet. For the purpose of manipulation, a small piece of .platinum 
wire may be fixed in the balls while moist. These balls may be conveniently 
introduced into gases standing over dry mercury ; their power is not impaired 
by use, for they may always be rendered efQcient, or their power restored, by 
again heating them red hot. The admixtui-e with clay not only gives 
cohesion to the platinum, but prevents the rapid heating of the metal, and 
therefore the explosion of the gases. This will be found a convenient method 
of analysis. If the gases are pure, and in their proper portions, the Tvhole 
will disappear, and the mercury will rise and fill the tube. If there should 
be a residue, the amount of oxygen and hydrogen which have combined to 
form water, may be eavsily determined. Two-thirds of the condensed gases 
will represent the hydrogen, and one-third the oxygen. 

Spongy platinum effects the union of oxygen with several other gases, 
such as with carbonic oxide, and, at high temperatures, with olefiant gas ; 
it also causes the decomposition of deutoxide of nitrogen by hydrogen, 
producing ammonia. (Dulong and Thenard, Ann. de Oli. et Ph.^ 23, 440.) 
It is an essential condition in all cases of the catalytic influence of platinum, 
that its surface should be absolutely clean, the slightest film of foreign 
matter^— a result of mere exposure to air — impairing, or in some instances 
preventing the action : hence the advantage derived from carefully heating 
spongy platinum, which has become inert, in a clear flame. Some other 
metals, such as palladium and iridium, operate in the same manner, but less 
perfectly than platinum. Spongy platinum placed in hydrogen or in oxygen 
gas, separately, has no influence on the gases, and undergoes no change. It 
is in the state of mixture, or when one gas can come freely in contact with 
the other, that any effect is produced. If freshly-prepared spongy platinum 
is placed on mica, on a stand so arranged that the open mouth of a jar of 
hydrogen can be suddenly lowered over it, the platinum retains its usual 
appearance, and the hydrogen is not absorbed. If, however, the jar is raised 
so that the mouth is on a level with the platinum, the metal will become red 
hot, and the hydrogen will disappear, owing to its admixture with the oxygen 
of the air at this point. The heat is sometimes sufficient to kindle the 
hydrogen with a slight explosion. If this experiment is performed on the 
mixed gases, they should be in small quantity, and contained in a stout 
glass jar, as the explosion is sudden and violent. Spongy platinum placed 
on mica, or platinum foil or gauze, undergoes no change in air, but if a jet 
of dry hydrogen be allowed to fall on it from a bladder, it will become red 
hot and ignite the gas. In all cases the platinum acts most efficiently when 
freshly prepared, or when it has been heated before the performance of the 
experiment. 

Faraday has found that perfectly clean platinum /(9^7 or wire will also cause 
the combination of oxygen and hydrogen. He refers this phenomenon to a 
peculiar attraction between the clean metallic surface and the particles of the 
gaseous mixture, resembling that by which bodies become wetted by fluids 
with which they do not combine chemically, or in which they do not dissolve ; 
or the attraction which renders certain bodies hygrometric, although they 
neither dissolve in, nor combine with water. By this surface-attraction, the 
particles of oxygen and hydrogen are so approximated and condensed, as to 
enter into chemical union ; and, in so doing, to evolve sufficient heat to raise 
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the temperature of the metal. It is calculated that platinum in the state of 
sponge, will absorb 253 times its volume of the mixed gases, and condense 
them to 1-lOOOth of their bulk. 

Analysis.'— 'W^t^Y may be decomposed, or resolved into its elements, by a 
variety of processes. One of these, based on the decomposition of aqueous 
vapor, by passing it over iron wire heated to redness in a tube, has already 
been referred to, as a source of hydrogen {see page 108). In a carefully 
conducted experiment, the iron will be found to have increased in weight; 
and this increase, added to the weight of the hydrogen collected, will be 
equal to the weight of the water which has disappeared. 

Electrolysis furnishes the best method of analyzing water, in order to 
determine its chemical constitution, as well as the volumetric proportions of 
its constituent gases. By a simple apparatus, oxygen and hydrogen are 
separately collected, and it may be oloserved, during the action of the 
battery, that for every cubic inch of oxygen given oCP at the positive 
electrode, there are two cubic inches of hydrogen collected at the negative 
electrode. These gases when mixed over mercury maybe recombined in the 
manner already described (page lit). They entirely disappear, and are 
reconverted into water. Analytically and synthetically, therefore, the con- 
stitution of water has been accurately determined. Pure water is not easily 
decomposed by electrolysis ; but its decomposition is readily brought about 
by the addition of a tenth part of sulphuric acid. The oxygen evolved 
possesses some peculiar properties {see 101). 

Varieties of Water. — Water in its ordinary state, such as spring and river 
water, is always so contaminated with foreign substances as to render it 
nniit for chemical purposes. Rain-waier is more pure, but it frequently 
contains small quantities of sulphuric, nitric, and hydrochloric acids, in 
combination with ammonia, lime, or other bases, as well as organic matter 
of animal or vegetable origin. Kain-water collected near the sea, invariably 
shows traces of chlorides ; its impurities vary much with locality. In Paris, 
it has been found to contain traces of iodine and phosphoric acid. Even if 
collected in clean glass vessels, before it has touched any roof or soil, it is 
always found impure in or near inhabited places. 

Lahe-water..— Among the purest forms of natural water may be mentioned 
lake-water, as it is collected in deep lakes and in slaty and granitic districts. 
Among pure waters of this kind in Great Britain, is that of Loch Katrine, 
in Scotland, containing only two grains of solid matter in the imperial 
gallon. The waters of Loch Ness, and of Enerdale Lake in Cumberland, 
are nearly equally pure. 

River-water is subject to great variation in quality, according to the nature 
of the soil, and other accidental circumstances. It may be regarded as rain- 
water holding dissolved, substances derived from the atmosphere and the soil 
over which it has flowed. It is this kind of water which is now largely 
employed for the supply of towns. The properties of good River-water are 
— (1) It should be colorless, tasteless, and free from smell. (2) It generally 
has an alkaline reaction from the presence of carbonate of lime, held 
dissolved by carbonic acid. This is the principal mineral constituent of 
river-water in the southern and eastern districts of England. (3) It gives 
a slight white precipitate when nitrate of silver is added to it ; this 
precipitate is not entirely dissolved by nitric acid (chloride of sodium). (4) 
It gives a primrose-yellow colored precipitate, with a solution of arsenio- 
nitrate of silver. This indicates the predominance of an alkaline carbonate, 
generally bicarbonate of lime. The presence of bicarbonate of lime is also 
known by an alcoholic solution of logwood striking a violet color with the 
water. As the bicarbonates of potassa and soda also produce this change of 
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color, a solution of chloride of calcium should be added. Bicarbonate of 
lime is not precipitated by this salt. (5) It gives, after a time, only a slight 
white precipitate, when a solution of nitrate of baryta is added'; this 
precipitate being insoluble in nitric acid (sulphuric acid). (6) A white 
precipitate when treated with oxalate of ammonia, njore abundant than with 
any of the other tests (lime). (1) When boiled, it does not become milky- 
looking or turbid, or it presents this appearance only in a slight degree 
(precipitation of carbonate of lime). (8) When a standard diluted solution 
of permanganate of potassa is added to a few ounces, the color is not 
discharged at a temperature below 160° (absence of organic matter.) 

In respect to the last character, it may be observed, that if the color is 
discharged, it indicates, in the absence of foul effluvia, the presence of organic 
matter ; and the greater the amount of permanganate decolorized before the 
w^ater retains a pink color, the larger the quantity of organic matter present. 
If a graduated tube or burette is employed, two waters may thus be com- 
pared, in reference to the quantity of organic matter contained in them, or 
they may both be compared with an artificial standard. At common tem- 
peratures, the organic matter acts very slowly on the permanganate. At a 
high temperature, the permanganate itself is decomposed, although no organic 
matter is present. M. Monnier found that this change took place at 194° 
F., and that if the water were not heated above 160°, a safe inference might 
be drawn from the results. 

, These are the principal chemical reactions of river-water. They show the 
presence of chlorine, carbonic acid, sulphuric acid, and lime, and generally 
indicate the existence of common salt, bicarbonate and sulphate of lime, as 
well as of organic matter. Salts of magnesia and potassa, with alkaline 
nitrates, oxide of iron, silica, and phosphoric acid are frequently contained 
in river-water, in smaller proportion ; and they may be easily detected by 
other processes applied to the residue left by the water after evaporation. 

Among other properties, it may be observed, that river-water does not 
readily dissolve soap. If a solution of soap in alcohol be added to some 
ounces of the water, and the mixture is well agitated, a white curdy sub- 
stance is formed (a compound of the fatty acids of soap with the calca- 
reous and other bases of the water), and the water is rendered milky-looking; 
but there is no persistent frothiness as with pure water. On this property 
is founded the process of determining the hardness or softness of water, by 
means of the soap-test. The method of employing this will be presently 
explained. The larger the quantity of calcareous and magnesian salts, the 
harder the water ; while the more free the water is from any saline matter, 
the softer it is. River-water, as it is ordinarily constituted, has so little 
action on the metal lead, that even after keeping the water in a leaden vessel 
for a considerable time, it will either show no trace of lead, or the quantity 
is so small, that it may be disregarded. The waters of English rivers, how- 
ever, vary so much in this respect, that each water should be submitted to a 
separate trial, whatever may be its chemical composition. Thus, river- 
waters which contain soluble nitrates, or chlorides in unusual quantity, 
generally act upon lead. This chemical effect depends not merely on the 
nature of the salts, but on the proportion in which they are contained in the 
water. 

The solid residue left by the evaporation of river-water varies in w^eight 
from 6 to 50 grains, or more, in the Imperial gallon ; but potable river- 
waters are generally comprehended between these two extremes. The nearer 
the point from which the water is taken to the source of a river, the more 
free from saline and other impurities will it be found. The Thames water 
formerly supplied to London, yielded from "20 to 24 grains of solid residue, 
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from the Imperial gallon of 10,000 grains. That which is now supplied 
from the river, taken near Hampton, yields only from 15 to 11 grains in 
the gallon, varying a little with the season of the year, and the amount of 
rain. All foreign substances in water have been described as *' impurity.'^ 
In a chemical sense this is correct, but the presence of carbonate* of lime 
(chalk) and chloride of sodium (common salt), in river-water, in the small 
proportions in which these substances are found therein, is not injurious to 
health. The salubrity of districts bears no relation to the greater or smaller 
quantity of saline matter in water. If distilled water could be supplied to a 
population in millions of gallons daily, it would be neither agreeable nor 
wholesome to the general public. The experiments of M. Boussingault 
have clearly proved that the calcareous salts of potable waters, in conjunc- 
tion with those contained in food, aid in the development of the bony 
skeletons of animals. {^Pelouze and Fremy, Traite de Chimie. 1860. Yol. i. 
p. 234.) Calcareous waters, such as Carrara water, are usefully employed 
in medicine. The search after non-calcareous water therefore is based on a 
fallacy. If lime were not freely taken in our daily food, either in solids or 
liquids, the bones would be destitute of the proper amount of mineral matter 
for their normal development. 

With respect to the chloride of sodium, which has been wrongly described 
as a result of the presence of sewage in river water, it may be safely said 
that no natural water taken from the purest sources in the world, has been 
yet found without it. All river and spring waters contain it in greater or 
less proportion. 

The solid contents in the imperial gallon of some principal river waters of 
Europe have been found to be as follows: The Thames at Greenwich, 21*19 
grains, at Hampton 15 grains ; the Seine in Paris, 20 grains ; the Khone at 
Lyons, 12 '88 grains (Bineau) ; the Khine at Basle, 11 '91 grains (Pagenst) ; 
the Garonne at Toulouse, 9"56 grains (Deville) ; the Loire at Mehung, 9.42 
grains; the Scheldt, in Belgium, 20*58 grains; and the Danube, Yienna, 
10*15 grains (Hauer). The principal salts in these waters are the carbonate 
and sulphate of lime, with chloride of sodium. 

In conducting an ancdysis of a potable water, the general course to be 
pursued is the following : 1. To determine the solid contents by the slow 
evaporation of a gallon, or at least half a gallon of the water, filtered or un- 
filtered, according to circumstances. In good river water the residue thus 
obtained is white, or of a pale fawn tint ; and it will weigh, when dry, from 
6 to 20 grains. 2. The organic or combustible matter is next ascertained 
by heating the dry residue to a low red heat, and noting the loss of weight. 
8. To determine, by the usual modes of analysis, the nature and proportion 
of the salts contained in this residue. 4. To ascertain whether the water 
has any action on lead. A clean bar of this metal, exposing an area of from 
8 to 12 square inches, should be immersed in the water and the vessel freely 
exposed to air. In 48 hours the water may present a milkiness or remain 
clear. In either case it should be tested for lead by passing into it a current 
of washed sulphuretted hydrogen gas. 5. To determine the relative hard- 
ness of the water. A saturated solution of Spanish soap is made in three 
parts of rectified spirit (0*830) and one part of distilled water. After suf^ 
ficient digestion the solution is filtered, and it then serves as a soap-test. 
The solution is added from a graduated vessel to from four to eight ounces 
of distilled water contained in a bottle ; and the quantity required to pro- 
duce a permanent froth in the water is noted. This forms a standard for 
comparison. A similar quantity of river water is treated in another bottle 
with the same solution of soap ; and it will be found to require five, six, ten, 
or twelve times the quantity of soap-solution to produce an equal amount 
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of permanent froth in it, as in the distilled water. The river water may thus 
be described as having 5°, 6°, 10°, or 12°, of hardness, ^. e., it will require 
these additional proportions of soap to produce in it the same detergent pro- 
perties, as in a like quantity of distilled water. Dr. Clark's soap-test is 
based on a different principle. He makes an artificial solution of chloride of 
calcium, and uses a weak alcoholic solution of white curd-soap. His degrees, 
therefore, are referable to a different standard. 

Spring Ifa^er.-— Spring waters may be divided into those which are de- 
rived from shallow wells, and those which issue from deep springs, called also 
Artesian wells. The former are generally within thirty to fifty feet of the 
surface, while the latter in the London district are from 400 to 600 feet in 
depth, and in Paris they reach a depth of 1800 feet. The water from the 
shallow wells of London usually abounds in sulphate and carbonate of lime, 
containing generally but little chloride of sodium ; the solid contents of the 
gallon are very variable, but sometimes amount to 130 or 140 grains. The 
water is very hard, and yields in some cases traces of sewage, gas-liquids, 
or the products of their decomposition. The deep (Artesian) wells which 
penetrate the London clay, and are carried to different depths into the un- 
derlying chalk, vary in the quality of their water according to the care with 
wdiich the superincumbent springs have been excluded : they contain a larger 
relative proportion of solid matter than river water, but less than that found 
in the surface-wells, and, are remarkably characterized by the abundance of 
soda-salts and by their alkalinity, which is derived from bicarbonate of soda : 
like all other spring w^aters, they hold more or less carbonic acid. They 
generally contain from 50 to 70 grains of saline matter \u the imperial gal- 
lon. The water of the Trafalgar-square springs, issuing from a depth of 510 
feet, contains 68*94 grains of saline matter in the imperial gallon, including 
14 grains of carbonate of soda, 19 grains of sulphate, and 25 grains of chlo- 
ride of sodium. The well at the Koyal Mint has a total depth of 426 feet. 
It contains less than 38 grains of solid matter in the gallon : including 8*63 
grains of carbonate of soda, 13*14 grains of sulphate of soda, and 10-53 
of chloride of sodium. The water of the well at Southampton, issuing from 
a depth of 1360 feet, contains 68 grains of saline matter in the gallon, of 
which 18 grains consist of carbonate of soda, 8 grains of sulphate, and 20 
grains of chloride of sodium. The Artesian well-water of the Paris Basin 
(Grenelle), issuing from a depth of 1194 feet, is much purer than the London 
Artesian waters. It contains 20 grains of saline matter in the gallon, of 
which nine grains are carbonate of lime, and four grains are bicarbonate of 
potassa — the principal saline ingredients. The Artesian well-waters differ 
from those of surface wells in containing generally a larger quantity of phos- 
phates and a smaller proportion of calcareous salts and of organic matter. 

Distilled Water. — When spring or river water is distilled, the solid con- 
tents are left in the retort or still. In the chalk district this residue consists 
in great part of carbonate of lime, with some sulphate of lime, of carbonate 
and sulphate of soda, with magnesia, silica, alumina, and oxide of iron. In 
ordinary waters, besides carbonate and sulphate of lime, the insoluble matter 
deposited has been found to contain traces of lead, copper, arsenic, and other 
metals. The condensed water obtained in the receiver, as it is commonly 
distilled, always contains foreign matter. The first portions are frequently 
impregnated with ammonia ; these should be rejected, and, when four-fifths 
have been distilled, the operation should be stopped. Water distilled in 
glass is sometimes alkaline, owing to its dissolving a portion of soda from 
the glass. It can be considered perfectly pure only when it has been redis- 
tilled at a low temperature in silver or platinum vessels. 

Pure water is transparent, and without either color, taste, or smell. It 
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should be qaite neutral. Its neutrality may be tested by adding at least a 
pint of it to a small quantity of a strong solution of litmus, reddened toa 
port wine tint by tartaric acid. If the water is neutral the addition of it to 
this solution of litmus, will not render the liquid blue or more strongly red- 
den it. Its chemical properties are chiefly negative. It should give no pre- 
cipitate with nitrate of silver, nitrate of baryta, oxalate of ammonia, or 
ammonia. It should undergo no change of color on passing into it a current 
of sulphuretted hydrogen gas. On adding to some ounces of the water a 
few drops of a solution of ammonio-nitrate of silver and exposing the vessel 
containing the water to solar light, it should undergo no discoloration. The 
pink color imparted to the water by a weak solution of permanganate of 
potassa should remain unchanged. These last mentioned tests by their nega- 
tive results, show the absence of organic matter and foul effluvia. Half a 
gallon of the water should leave no ponderable residue on evaporation. 
Acetate of lead frequently produces in distilled water a white precipitate 
owing to the presence of carbonic acid. The precipitate is soluble in acetic 
acid. If a brown precipitate is produced by this test, it indicates the pre- 
sence of sulphuretted hydrogen. Among other properties, a solution of soap 
in alcohol produces no curdiness or opacity in pure water, but the soap is 
readily dissolved ; on agitation the water remains clear, and presents a per- 
sistent frothy stratum on its surface. If a piece of clean sheet lead be im- 
mersed in pure distilled water, the water rapidly becomes opaqu^, from the 
production of hydro-carbonate of lead. Distilled water, free from impurity, 
is indispensable to the chemist. The water obtained by melting pure ice 
may be occasionally substituted for it. 

In reference to physical properties, pure water is a powerful refractor of 
light, but it is a very imperfect conductor of heat and electricity. In reference 
to the latter force, pure water so completely resists the passage of a current, 
that it has been even doubted whether it was an electrolyte. This resistance 
becomes, therefore, a test of the purity of water. The electrolysis of com- 
mon water probably depends on the saline matter which it holds in solution. 
In such experiments on distilled water, it is necessary to add to it a small 
quantity of sulphuric acid. The following experiments will prove that it is 
a very imperfect conductor of heat : Fill a long test-tube with distilled water, 
and freeze the lower three inches by immersing the end of the tube in a mix- 
ture of ice and salt. When the lower part has been thus frozen, the upper 
stratum of water may be boiled over a spirit lamp and kept boiling for a 
considerable time without melting the ice below. Lay a thermometer on 
the bottom of a shallow porcelain dish; cover it with a thin layer of water—- 
pour on this a stratum of ether and ignite it. When the ether is consumed, 
although the surface of the water was heated far beyond its boiling point, it 
will be observed that the thermometer has scarcely been affected. The sides 
of the vessels used in these experiments may, however, conduct heat down- 
wards. The experiment may be varied by placing in a jar of water an air- 
thermometer, containing colored fluid with the bulb upwards and nearly 
touching the surface of the water. Float upon the water a small copper 
basin containing ether; this maybe inflamed, and during its combustion, 
although the surface of the water is heated to a high temperature, the air- 
thermometer wall be but slightly affected. Fill a test- glass to two-thirds of 
its capacity with water, and place in this a mercurial thermometer, the bulb 
resting on the bottom of the glass. Now pour carefully upon the cold water 
some boiling distilled water which has been slightly tinted with blue litmus. 
The colored water will float on the cold water in the glass ; but, although at 
212^, the thermometer will indicate no change of temperature, except by the 
heat slowly transmitted downwards by the sides of the vessel. These facts 
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clearly demonstrate that unlike solids this liquid cannot transmit heat from 
the surface downwards. 

The only mode of distributing heat through water and other liquids is by 
a kind of diffusion, depending on a change of density. Hot w^ater is lighter 
than cold, as one of the above-mentioned experiments proves. If, therefore, 
the bottom of a vessel containing water is heated, the liquid will rise as its 
specific gravity is diminished, and there will be a series of upward and down- 
ward currents until the water has acquired a uniform temperature. This 
may be shown by heating water in which are diffused particles of camphor, 
p.recipitated from its alcoholic solution. The motion of these or of any other 
light solid diffused through the liquid, will indicate the course of the currents. 

Water is expanded by heat, but its rate of expansion is c ceteris paribus 
less than that of other liquids, and the ratio of increase is augmented by the 
temperature. 

Distilled water is assumed as a standard to which the relative weights of 
all solids and liquids may be compared — its specific gravity being called 
I'OOO. (In reference to this subject, the reader will find in the Appendix a 
description of the methods by which the specific gravities of all solids and 
liquids, whether lighter or heavier than water, may be taken. The scale of 
Baume, much used on the Continent, is also given in a comparative table.) 

At the temperature of 62°, which, is that to which specific gravities are 
usually referred, a. cubic inch of water weighs 252'458 grains ; or at 60°, the 
cubic inch weighs almost exactly 252*5 grains, and the cubic foot 998-2n 
ounces avoirdupois, which is so near 1000, that the specific gravity of any 
substance, in reference to water, is very near the absolute weight of one cubic 
foot of such substance in avoirdupois ounces. The specific gravity of gold, 
for instance, is 19-3, in reference to water as unity; and, therefore, a cubic 
foot of gold weighs nearly 19,300 ounces. Water is about 815 times heavier 
than atmospheric air. At mean temperature, it is assumed as the unit to 
which the specific heats of bodies, especially of solids and liquids, are usually 
referred. 

The density of water varies with the temperature. It attains its maximum 
density at 39°'39, or about 40°; hence w^ater expands from this point, 
whether the thermometer falls from 40° to 32°, or whether it rises from 40° 
to 48°. It is a remarkable confirmation of this fact, that the temperature of 
the deep sea in all latitudes has been found to fluctuate about 40°. 

Water is said to be colorless, but when looked at in a large mass it has a 
greenish-blue color. This is well seen in the waters of Matlock and other 
springs, and in the glaciers of Switzerland. Most river, waters have a slightly 
yellowish color from the presence of organic and ferruginous substances. A 
small quantity may show no color, but when a gallon is examined in a tall 
glass vessel, placed on a sheet of white paper, the color may be seen. The 
purest distilled water presents a color if examined in a column of sufficient 
length. 

Water is susceptible of compression, as was originally shown by Canton. 
Perkins states that a pressure of 2000 atmospheres occasions a diminution 
of only l-12th of its bulk. {Phil. Trans., 1820.) According to the experi- 
ments of Oersted, and those of Colladon and Sturm {Ann. Gh. et Ph., xxxvi. 
140), its absolute diminution of bulk for each atmosphere is not more than 
the 51'000'OOOth of its volume. It is stated by Dessaignes, that when water 
is submitted to very sudden compression, it becomes luminous. (Thenard, 
Traite de Ghimie, 1. 432.) 

Ice.—A.t the temperature of 32° water congeals into ice, which, if slowly 
formed^ produces needles crossing each other at angles of 60° and 120^. 
The forms are various, but the primitive figure is that of a regular six-sided 
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prism, belonging to the rhombolieclral system. Although the freezing of 
water is commonly said to take place at 32°, yet if the water be in a glass 
tube, one-fourth of an inch in diameter, it may be cooled to 23^ without 
freezing. When cooled to 21° it freezes at once. In a capillary tube of 
l-200th of an inch diameter, Mr. Sorby found that water did not freeze at 
8°; when, however, it was cooled to 1°"4, it passed to the state of ice. {PML 
Mag., August, 1859, p. lOY.) 

The specific gravity of ice varies from 0-918 to 0*950, but the densest ice, 
obtained by freezing water deprived of air, is always considerably lighter 
than water. According to Brunner, the contraction of ice by diminution 0/ 
temperature exceeds that of any other solid ; its density at 32° being 0-918, 
at 18° it is 0-919, and at 0°, 0.920. {Ann. Gh. et Ph., July, 1845.) Ice is 
a non-conductor, or nearly so, of electricity, and under favorable circum- 
stances becomes electric by friction. (Faraday's Exp. Researches, 4th Series, 
§ 381 and 419.) It is a very bad conductor of heat, but it transmits radiant 
heat with such facility that Faraday was able to ignite phosphorus by con- 
verging the solar rays through an ice-lens. In freezing, water expands, and 
with such force as to burst the thick and strong vessels in which it is con- 
fined. The rupture of iron and leaden pipes is a familiar instance of this 
power of expansion. The greatest difference observed between the bulk of 
water before and after congelation was found to be in the ratio of 174 : 184. 
Exposed to the air, ice loses considerably in weight by evaporation. 

The manner in which water frees itself of impurities in the act of congela- 
tion, is very remarkable; by careful freezing, it may be entirely deprived, not 
only of common air, but of those gases for which it has a strong affinity, as 
well as of all saline matters. In the common mode of freezing water, the 
extricated air is entangled in the ice, and renders it more or less porous and 
translucent; but if means be taken to remove the air bubbles, by agitation 
or otherwise, the resulting ice is dense and perfectly pellucid, as we some- 
times see in icicles, or, more remarkably, when a thin glass tube or flask, 
containing water, is immersed in a freezing mixture, and constantly agitated 
by means of a feather, so as to brush off the air and water from the layer of 
ice which forms upon the sides of the vessel. This ice is not only perfectly 
transparent and free from air-bubbles, but it is also freed from saline matters, ' 
which are therefore contained in excess in the unfrozen water. This will be 
found to be the case with common spring water, but a better illustration 
consists in thus freezing water colored by sulphate of indigo, when the ice 
will not only be quite colorless, but, when rinsed in a little distilled water 
so as to cleanse its surface from the adhering mother-liquor, it will not con- 
tain a trace of sulphuric acid. In the same way an aqueous solution of am- 
monia, when properly frozen, yields ice which is quite free from all trace of 
the alkali. The beautiful masses of perfectly transparent ice, imported for 
the use of the table from Norway and from North America (Wenham Lake 
ice), yield perfectly pure water; they are formed in deep lakes, as a result of 
slow and gradual cooling, ending in congelation. It has long been known 
that wine and other alcoholic liquors are strengthened by partial freezing, 
and that the ice which they deposit is little else than pure water, and that 
lemon-juice and vinegar may be similarly strengthened; but the fact of spring 
water thus losing the whole of its saline and aerial contents was first pointed 
out by Faraday, and in these cases the unfrozen portion is, of course, 
rendered relatively impure, so that water may be concentrated by freezing 
as it is by evaporation. In northern regions, salt is obtained from sea-water 
by simply allowing the water to freeze. The blocks of ice, which are nearly 
pure water, are removed, and the residuary liquid is a comparatively strong 
brine, from which salt may be obtained by evaporation. 
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When ice is formed at temperatures a few degrees below the freezing-point, 
it has a well-marked crystalline structure, as is seen in water frozen from a 
state of vapor, in flakes of snow, or hoar frost. But ice formed in, water at 
32^ is a homogeneous mass, breaking with a vitreous fracture, and presenting 
no crystalline structure (Graham). The changes which it undergoes in the 
movement of glaciers, is a proof that it possesses some plasticity. 

Ice-water procured from the melting of the ice of deep lakes is one of the 
purest forms of natural water. We have found in it only minute traces of 
alkaline chloride. Snow-water is less pure, the fine crystals of snow in their 
f^ormation lock up many organic and mineral ingredients which were diffused 
through the atmosphere, especially when collected in the neighborhood of 
townSo It frequently contains so much organic matter as to show confer- 
void vegetation under exposure to light. The amount of air in snow is 
very great. We have found that sixty cubic inches of snow, well com- 
pressed, will produce only eight cubic inches of water. To this diffusion 
of air among its particles it owes its whiteness. The water derived from 
melted snow is generally too impure to be employed for any chemical 
purposes. 

Steam. Aqueous Vapor.- — Water gives off a vapor at all temperatures, 
even at 32^. In its ordinary state, if exposed to heat in open vessels, it 
boils, or is converted at 212^ into steam, the barometer being at 30 inches ; 
but the boiling point of water varies with the pressure, and is influenced by 
the air which the water contains, as well as by the vessel in which it is 
heated. When quite pure and deprived of air, water may be heated to 
about 240^ before it reaches the boiling point ; at this temperature, how- 
ever, it is suddenly converted into vapor with explosive violence. If a piece 
of pure ice be heated in a vessel containing oil, the heat may be continued 
until the water from the ice has reached a temperature of 240°, when the 
whole is converted into vapor with explosion. The tranquil ebullition of 
ordinary water at 212° appears, therefore, to be mainly dependent on the 
presence of air. 

Water generally escapes in vapor unmixed with the solids which may be 
dissolved, but during rapid boiling, some portion of the solids is carried 
over with the steam. Thus the vapor of a boiling saturated solution of 
carbonate of soda has been observed to tinge of a yellow color, lights burn- 
ing in the same apartment. This is owing to the combustion of a portion 
of sodium from the soda-salt evolved in the aqueous vapor. Even the most 
fixed solids may thus escape with steam. Boracic acid is collected in the 
lagoons of Tuscany by condensing the aqueous vapor in which it is dissolved ; 
this vapor, charged with the acid, is continually issuing from the soil. Even 
mercury, one of the heaviest metals known, may be carried over with the 
vapor of water at 212° {Ghem. Wews, Aug. 24, 1861). 

Steam, or aqueous vapor, may be exposed to a full red heat (1000°) by 
passing it through iron tubes heated to redness, without undergoing any 
decomposition. That which is now called superheated steam, we have 
observed to issue from a discharge pipe at a temperature of 460°. In this 
highly heated state, the steam is put to various industrial uses without any 
danger. The only gas which we have found associated with the steam at 
this high temperature, was nitrogen. The decomposition of water by iron 
at a red heat appears to be here arrested by the production of the magnetic 
oxide of iron, which lines the interior of the tubes, and prevents further chemi- 
cal action. Aqueous vapor has been rendered incandescent by the heat of 
the electric spark from Buhmkorff's coil, and a spectralytic examination of 
the light, has shown that in this state it always gives the bright lines due to 
hydrogen. 
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When water is placed, in small quantities at a time, in a platinum or 
other vessel, heated to full redness, it does not boil, and does not produce 
any visible vapor. The liquid assumes what is called the spheroidal state, 
and rolls about in a stratum which presents a convexity on all sides, and 
nowhere touches the containing vessel. At this temperature, there appears 
to be a repulsion between the water and the metal. The liquid has been 
found by Boutigny to be a few degrees below its boiling point; it gradually 
diminishes in volume, and at last it evaporates entirely, leaving only the 
solid matters which it may have contained. If while the water is in this 
spheroidal state, the source of heat is suddenly withdrawn, the metal 
becomes cooled, and at a certain point the water comes in contact with the 
heated surface, and a large portion of it is suddenly converted into steam. 
The spheroidal state is common to all licpids. It may be well shown in 
water by first warming the liquid before pouring it, gradually, on the red 
hot metallic surface. 

Water may be entirely decomposed into its constituent gases at a full 
wdiite heat. Mr. Grove has proved that if a platinum ball, heated to white- 
ness, is plunged into water beneath a tube filled with water, the mere contact 
of the white hot metal liberates oxygen and hydrogen, which may be 
collected and exploded in the tube. Heat, like electricity, has therefore not 
only a composing, but a decomposing effect, on the elements of water. 



CHAPTER XI\ 

WATER— PHYSICAL AND CHEMICAL PROPERTIES-HYDRA- 
TION—MINERAL WATERS-PEROXIDE OF HYDROGENo 

Relations to Z^eai5.— The relations of water to heat are in many respects 
remarkable. Its specific heat, or capacity for heat, is greater than that of 
all liquids and solids. By this term we are to understand the relative 
proportion of heat necessary to raise equal weights of different substances 
from some lower to some higher temperature, or more generally, the relative 
quantity of heat contained in equal weights of different substances at the 
same temperature. This difference was called by Dr. Black the capacity of 
bodies for heat. Equal quantities of the same fluid, at different temperatures, 
give the arithmetical mean on mixture. Equal m-easures, for instance, of 
water at 10°, and of water at 130^, will give the mean temperature of 100^ ; 
that is, the hot water loses 30^, and the cooler water gains 30^. But if 
equal measures of different fluids, as, for instance, water at 10°, and of 
mercury at 130^, be mixed, the resulting temperature will not be the mean, 
or 100"^, but only 90^. Here, therefore, the mercury loses 40^, while the 
water only gains 20^, hence the inference that the quantity of heat required 
to raise a given measure of mercury 100^, will only raise the same measure 
of water 50^ : that is (speaking here of equal bulks), the capacity of 
mercury for heat is only = half that of water. But the capacities of bodies 
for heat are most conveniently referred to equal weights rather than measures ; 
and if we thus compare water with mercury, it will be found that a pound'of 
water absorbs thirty times more heat than the same weight of mercury ; 
viewed, therefore, in this way, the capacity of water for heat, is to that of 
mercury as 30 to 1, or- as 1000 to 33, and we generally thus express the 
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capacities of bodies for heat by a series of numbers, having reference to 
water as 1000, such numbers representing their specific heats. 

The most accurate determination of specific heat appears to be derived 
from the process of cooling, the time required for this purpose being directly 
as the specific heats of the bodies, provided they are carefully placed under 
similar circumstances : contained, for instance, in a polished silver vessel, in 
a vacuum. The following capacities were thus determined by Dulong and 
Petit :— . 

Sp. Heat. Sp. Heat. 

Water .... 1000 Zinc 93 



Sulphur 
Grlass 
Iron 
Copper 



188 Silver ..... 56 

117 Mercurj .... 33 

110 Platimim . . . .31 

95 Lead . . . . ' . 29 



In reference to liquids, water stands higher than all others ;— 

Sp. Heat. Sp. Heat. 

Water .... 1000 Oil of Turpentine . . 462 

Alcoliol e . . . 620 Sulphuric Acid . .(1-84)350 

Ether .... 520 Nitric Acid . .(1-36)630 

Olive Oil .... 438 Hydrochloric Acid .(1-15)600 

Among liquids, mercury is most easily heated and cooled : hence it is well 
adapted for thermometrical uses ; while water requires a long time to be 
brought to a high temperature, and, when once heated, is a long time in 
cooling. It is by this property that large masses of water exert an equalizing 
influence on atmospheric temperature. 

When solid passes into liquid water—in other words, when ice melts, a 
large amount of heat is absorbed, or rendered latent. Ice and water there- 
fore contain different quantities of heat, although each may be at the same 
temperature, namely 32^. This may be proved by a simple experiment. If 
equal weights of water at 82^ and 17 2^ respectively, are mixed, the tempera- 
ture of the mixture w-ill be the mean of the two — namely, 102^^. But if ice 
at 32° be mixed with an equal weight of water at 172°, the temperature of 
the mixture, instead of 102°, will be only 32°. Thus, in the substitution 
of ice for ice-cold water, there is a loss of heat to the amount of 140°, 
This expresses the latent heat of water at 32°, compared with that of ice at 
the same temperature ; and it follows, that in reconverting the water into 
ice, this amount of heat, which was latent in the water {i.e, not appreciable 
to the thermometer), must be again set free. Hence, during a thaw, the 
temperature of the air near the surface of the earth, is lowered ; while, on 
the other hand, in the act of freezing, water gives out a large amount of 
heat, which renders the temperature of the air milder. 

The production oi freezing mixtures depends on these principles. Equal 
parts of snow or finely powdered ice and common salt, will lower the 
thermometer from 32° to 0°. Both solids tend to assume the liquid state ; 
the brine which results from their union, remains liquid nearly to zero. Two 
parts of snow or ice and three parts of powdered crystals of chloride of 
calcium, produce a mixture which will lower the thermometer to —50°, and 
thus freeze mercury. Solid carbonic acid and ether are now employed to 
produce a maximum of cold {see Carbonic Acid). Whatever causes the 
rapid liquefaction of solidified water, produces great cold. Thus, when ice 
or snow is mixed in equal weights with diluted sulphuric and nitric acids, 
together or separately, cold is produced. 

Water may be cooled below 32°, without consolidating into ice ; but the 
temperature of water in which ice is melting is always 32°, and does not rise 
above that degree so long as any ice remains unmelted. This is the degree 
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of cold which is really represented as 32*^ by our thermometers, and as zero 
on the scale of Reaumur and Centigrade. Again, when water passes into 
steam or aqueous vapor, a still larger amount of heat is absorbed or rendered 
latent, so that a small quantity of water in the form of steam is sufficient, 
by condensation, to heat a large quantity of cold water. If 100 gallons of 
water at 50° be mixied with 1 gallan at 212°, the temperature of the whole 
101 gallons will be raised by only 1-5°. But, if a gallon of water be con- 
densed from the state of steam into a vessel containing 100 gallons of water, 
the water will in that case be raised 11°. A gallon of water, therefore, 
condensed from steam, raises the temperature of 100 gallons of cold water 
9*5° more than the addition of a gallon of boiling water; consequently, if 
the heat imparted to 100 gallons of water by 10 pounds of steam could be 
condensed in 1 gallon of water, it would raise it to 950°; and a gallon of 
water, converted into steam of ordinary density, contains as much heat as 
would bring five and a half gallons of ice-cold water to the boiling point. 
The quantity of ice, which is melted by steam of mean density, is seven and 
a half times the weight of the steam. 

The latent heat of steam and other vapors has been examined by Dulong, 
and on his researches the following table is based % — 

Water . „ . . 9550-8 Ether .... 1740-6 

Alcohol . , . . 3740-4 Oil of Turpentine . . ISSO-g 

Hence the vapor of water has a greater amount of latent heat, or a greater 
amount of heating power in undergoing condensation, than the vs^^pors of 
other liquids. 

It is a well known fact that the conversion of water into vapor at any 
temperature is attended with the production of cold. The iDstrument ie- 
vented by Dr. Wollaston, under the name of cryophorus {x^voq, iee, ^r^pstv, to 
bear), is constructed on this principle : it establishes the fae-t that water 
may be solidified, as a result of the cold produced by its own vapor. The 
instrument consists of a tube, having a bulb at each extremity,, one of which 
is half filled with water,; the interior of the tube is perfectly deprived of air 
by boiling the water in one of the bulbs, until a jet of pure steam issues 
through a small opening left at the bottom of the other, which is then sealed 
by fusion in the flame of a lamp ; the consequence is, that the water in the 
other bulb is greatly disposed to evaporate ; but this evaporation can only 
proceed to a certain extent, because the pressure of vapor within the tube 
soon prevents its further progress. To get rid of this, to keep up the 
vacuum, and to occasion a constant demand upoB the water for the fresh 
formation of vapor, the empty ball is plunged into a freezing mixture, which 
continually condenses the vapor within, and so accelerates the evaporation. 
of the water in the other bulb as to cause it ultimately to freeze. 

These peculiar conditions of water in reference to heat have a manifest 
tendency to maintain it in a liquid condition, the state in which it is indis- 
pensable for animal and vegetable existence. 

Water, which has been exposed to the atmosphere, always contains a por- 
tion of air, a fact which may be proved by boiling it, or by exposing it 
under the exhausted receiver of an air-pump. To separate the air, the water 
must be continuously boiled iii vaeuo^ for it is obstinately retained. (Donny, 
Ann. Ch. et Ph., Fev. 1846.) It absorbs oxygen gas from atmospheric air 
in preference to nitrogen, and, when the air is expelled bj boiling, the last 
portions contain more oxygen than those first given off. (Humboldt and 
Gay-Lussao, Journal de Physique, 1805.) The presence of air or oxygen 
in water is known bv the addition of protoferrocjanide of iron {see page §0), 
9 
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If the white compound be added to recently boiled water, the rapid absorp- 
tion of oxygen will be indicatedi by its acquiring a blue color.' 

Dal ton states, that 100 cubic inches of spring water yield about two 
inches of air, which, after losing from 5 to 10 per cent, of carbonic acid by 
the action of lime-water, consists of 38 per cent, oxygen, and.. 62 nitrogen. 
{New System, 2H.) Dr. Henry obtained 4-^6 cubic inches of gas from 100 
of the water of a deep spring, of which 3*38 were carbonic acid gas, and 
1*38 air, of the same standard as that of the atmosphere. There can, how- 
ever, be no doubt that the gaseous contents of different springs vary both in 
quantity and quality. 

The following table, based on the experiments of various eminent autho- 
rities, exhibits the quantity of different gases which water is capable of 
absorbing or dissolving at a mean temperature and pressure, the water 
having been previously* deprived of air by long boiling. 





100 c. i. of 




100 c. i. of 




water dissolye 


water dissolve 


Flu-oboric acid . 


. 70000 c.i. 


Chlorine 


200 c.i. 


Hydrocliloric acid . 


. 50000 


Protoxide of nitrogen . 


. 100 


Ammonia 


. 48000 


Carbonic acid 


100 


Fluosilicic acid 


. * 35000 


Carburetted hydrogen . 


12-5 


Hypoclilorous acid . 


. 20000 


Dentoxide of nitrogen . 


5 


Sulplmrous acid 


. 5000 


Oxygen . « 


4-6 


Peroxide of chlorine 


. 2000 


Phosphuretted hydrogen 


2-14 


Cyanogen 


450 


Carbonic oxide . 


Q'Q 


Hydroseleni'C acid . 


300 


Nitrogen 


2-5 


Sulphuretted hydrogen 


300 


Hydrogen . 


1-56 



The quantity of each gas dissolved by water is materially dependent on 
temperature. While in reference to solids, soluble in water, the solubility 
generally increases with the temperature, that of gases decreases, so that by 
heating the water to the boiling point, the gas, unless it has entered into 
chemical combination, is expelled. There is an instance of this exceptional 
condition in hydrochloric acid gas. When a solution of this gas is boiled, 
a portion of the acid escapes ; but at a certain point of saturation, the water 
and gas are distilled over together. 

Water is decomposed by many substances. Some, like chlorine, take the 
hj^drogen and liberate the oxygen ; other substances, like potassium, take 
the oxygen and set free hydrogen. With the exceptional case of the decom- 
position of this liquid by electrolysis, oxygen is not set free as a gas, but as 
it is liberated, it enters into new combinations. 

Water plays a most important part in the organic kingdom. It is not only 
the medium for conveying soluble matters from the earth and air to the vege- 
table structure, but it is essential to the constitution of vegetable and animal 
principles. Thus, it forms from 30 to 80 per cent, of the animal tissues ; 
and to its presence the physical properties of these tissues are mainly due. 
We have found that muscular fibre contains from 66 to 69 per cent, of water, 
and that an oyster contains 81 per cent. Some of the small jelly-fish (acale- 
phce) contaiti DD per cent, of this liquid. Of the fluids of the body, blood 
contains 18, milk 86, and bile 90 per cent, of water. Its presence in bodies 
is often indispensable to chemical action, and the removal of it, either modi- 
fies or arrests chemical changes. Albumen or gelatin, when deprived of 
water, may remain unchanged for years ; but when containing only their 
normal proportion of water, they rapidly undergo decomposition. Desiccation, 
or the deprivation of an organic substance of water, may be regarded as one of 
the most powerful antiseptic processes. Its remarkable influence on chemical 
affinity, and on the chemical properties .of compounds, has been elsewhere 
pointed oot (see page 41). In addition to the illustrations there given, we 
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may here notice a few others. It is well known that lime has a strong 
tendency to combine with carbonic acid ; but unless water is present as an 
intermediate agent, caustic lime does not easily combine with carbonic acid, 
to form a carbonate. It is generally stated that caustic lime is procured by 
heating the carbonate ; bat the affinity of lime for carbonic acid, when they 
are once combined, is so strong, that the gas cannot be expelled by heat — 
according to Faraday, not even by a white heat, unless water is present. 
Hence, water is not only necessary to the combination of acid and base, but 
when they are combined, its presence is necessary to bring about their sepa- 
ration. The combination between a gaseous body and a metal does not 
readily take place, unless water is present (see page 41). Thus, while humid 
chlorine readily combines with pure silver leaf, to form chloride of silver, the 
combination takes place only slowly and with great difficulty, if the metal 
and the gas are first thoroughly dried. Phosphorus, it is well known, has a 
strong tendency to combine with the oxygen of air, and to produce ozone at 
ordinary temperatures ; but if the air is perfectly dry, no ozone is formed ; 
and it has been observed, that dry oxygen is not ozonized by this metalloid. 
These facts, among numerous others, show the important part which water 
takes in promoting or modifying the chemical action between bodies, which 
are known to have strong affinities for each other. 

Hydrates. — Hydration. Water is a general and useful solvent. In this 
respect it is indispensable to the chemist, for by its means he can not only 
separate substances, but reduce their particles to that degree of tenuity as a 
result of solution, that they can be brought within the sphere of each other's 
attraction. Although a perfectly neutral body, it is capable of acting like 
an acid or a base, and entering into a large variety of combinations. As the 
water is contained in these compounds in definite proportions by weight, 
they are called hydrates to distinguish them f): ova hydrides, of which the ele- 
ment hydrogen is a constituent. In those cases in which the hydrated 
compounds are crystalline, the water appears to be essential to the crystalline 
form, and it is therefore called water of crystalli2Lation. {See p. 31.) Those 
bodies which do not contain combined water, or which have been deprived 
of it by artificial processes, are said to be anhydrous^ and are sometimes, 
although improperly described as anhydrides. They are in fact anhydrates. 
As instances of its combination with gases may be mentioned — 1, the hydrate 
of chlorine, a solid compound, consisting of Cl + IOHO, which crystallizes 
at 32°, and is reconverted to water and chlorine above this temperature ; 2, 
the crystalline compound produced in the manufacture of sulphuric acid, 
(NO^+2S02+2HO) resolvable by water or steam into sulphuric acid water 
and deutoxide of nitrogen. Like an alkali or metallic oxide, water combines 
with an anhydrous acid to form a hydrate. It thus unites to anhydrous 
sulphuric, nitric or phosphoric acid ; and in reference to the last-mentioned 
' acid, it produces a change in its chemical properties. In this state, acting 
like a base, it is called basic water. When the acid is once combined with 
it, the water cannot be again separated by mere heat ; the acid and the water 
are distilled over together. The only method of displacing water in these 
combinations is to substitute another oxide, such as that of potassium, and 
then apply heat. Under these circumstances the water is entirely expelled, 
and it is replaced by an atom of metallic oxide. Tiiis replacement sometimes 
occurs as a simple result of chemical affinity. Thus the three atoms of water 
in the terhydrate of phosphoric acid, may be replaced by three atoms of oxide 
of silver, forming yellow phosphate of silver. .From these facts it was 
supposed that water was essential to the acid reaction of a compound, and 
that none but hydrated acids could unite to bases, to form salts. But 
certain acids which can be made completely anhydrous by heat, such as the 
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boracic, silicic, and staDnic, readily decompose the carbonates, nitrates and 
sulphates at a high temperature, displacing their acids, and forming new 
salts with the bases, according to the usual laws of affinity. Anhydrous 
sulphurous acid will also displace carbonic acid from dry carbonate of soda. 
(Pelouze et Fremy, op. cit. torn. 2, p. 18.) The dehydration of some com- 
pounds lessens or destroys their solubility in certain liquids. The silicic and 
antimonic acids, as well as the oxides of aluminum and zinc in the hydrated 
state, are easily dissolved by alkalies ; but when dehydrated by heat, they 
become almost insoluble, and can then only be united to an alkali by fusion 
at a high" temperature. Water combines with alkalies without altering or 
affecting their properties. The hydrate of potassa is a compound of water 
and oxide of potassium, and has powerful alkaline properties. At a high 
temperature the hydrate is volatile without any loss of water. In this com- 
pound as in the acid hydrates, the water can only be displaced by adding an 
acid, such as the sulphuric or phosphoric acid, and heating the compound to 
a high temperature. In some hydrates the water may be displaced by heat 
alone, as in the case of lime and magnesia. Water forms hydrates with 
nearly all the metallic oxides, influencing their color and solubility in acids. 
The hydrated oxide of copper is blue, and the anhydrous oxide is black. 
The hydrated oxide of this metal when precipitated by potassa from a solution 
of sulphate of copper (and the alkali is added in some excess) is rendered 
anhydrous, merely by boiling the liquid. The oxide falls down as a blackish- 
brown powder. The hydrated suboxide of copper is yellow, and is produced 
on warming a mixture of sulphate of copper, sugar, and potassa. If, how- 
ever, the liquid is boiled, the suboxide is rendered anhydrous, and falls down 
as an insoluble red powder. Up to a temperature of 65° a saturated solution 
of sulphate of soda deposits on cooling hydrated crystals of this salt. But 
if heated to the boiling point the salt becomes less soluble by reason of the 
formation of the anhydrous sulphate, the salt being dehydrated by elevation 
of temperature. In other cases a heat of 212° appears to be necessary to 
the production of a hydrate. Precipitate a solution of alum by potassa, and 
add enough potash to re-dissolve the precipitated alumina ; to this alkaline 
liquid add a solution of silicate of potassa„ There is no apparent change 
until the mixture is heated, when the whole of it sets into a nearly solid 
hydrated silicate of alumina. 

Water combines with the greater number of metallic salts in proportions 
variable for each salt, and these are not dependent on any general law. 
Occasionally the same salt is observed to combine with different proportions 
of water, according to the temperature of the solution. {See p. 81.) The 
color of the salt and its crystalline form are chiefly affected, but its chemical 
properties do not appear to be changed. The blue crystals of sulphate of 
copper, and the green crystals of sulphate of iron become of a dingy white, 
when digested in concentrated sulphuric acid. This is simply the result of 
dehydration. The color is restored in each case by the addition of water. 
In some salts the water is combined only as water of crystallization, e. g. the 
sulphates of iron and copper; in other salts, besides this crystalline water, 
another portion exists in a basic form, i. e. intimately combined with the 
acid. This is seen in the rhombic phosphate of soda, which contains two 
atoms of soda, and one of water as a base, while there are in addition, 24 
atoms of combined or crystalline water. The whole of this water can be 
expelled by heat, bat the basic water with more difficulty than the water of 
crystallization. The loss of the basic water completely changes the chemical 
properties of this salt : it converts it into pyrophosphate of soda, which pro- 
duces a white, in place of a yellow precipitate, with nitrate of silver. It also 
gives with a solution of acetate of lead, a white precipitate, which is soluble 
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in an excess of the pyrophosphate, while the phosphate of lead is insoluble 
in the common phosphate of soda. 

It has been suggested that some' double salts, such as the bisulphate of 
potassa, may really be compounds of neutral sulphates with water. Thus the 
bisulphate which is commonly represented as KO,2S03,HO may be KOjSOg 
+ 110,803. This,however, would be inconsistent with the constitution of cer- 
tain analogous compounds not containing water, such as the bichromate of 
potassa, KO,2Cr03. Chromic acid is isomorphous with the sulphuric ; and 
if the latter can combine in two equivalents to form a bichromate, it is reason- 
able to infer that the former can equally combine with two equivalents of 
acid to form a bisulphate of the alkali, and not a sulphate of potassa and 
basic water. 

The phenomena of hydration as they are witnessed in the combination of 
water with acids, oxides and salts, are clearly due to chemical afi&nity. When 
water is poured on solid sulphuric or phosphoric acid, great heat is evolved, 
and steam escapes almost with explosive violence. If a small quantity of 
water is poured on a few pieces of dry hydrate of potassa in a glass tube, the 
alkali is dissolved, but so much heat is extricated that a small portion of 
phosphorus applied to the outside of the vessel will melt and take fire. In 
this experiment, a second hydrate of the alkaline oxide is produced by an 
additional' quantity of water entering into combination. When one part of 
water at 32° is added to three parts of fresh burnt lime at the same tem- 
perature, the water disappears, steam is after a time copiously evolved, the 
lime becomes hot, falls to a white powder, and is greatly increased in weight. 
The heat given out in the hydration of lime, has been estimated at more 
than 510°— sufficiently high to inflame gunpowder. Pelletier observed that 
in slaking large quantities of lime in the dark, light was evolved as well as 
heat. The water forms a solid compound with the lime (slaked lime). In 
these experiments it is considered that the latent heat of water {see page 
128) is set free. This can only be attributed to a direct chemical union of 
water in a solid form with the substance. Concentrated sulphuric acid 
(already a liquid hydrate) presents some remarkable and apparently para- 
doxical results in uniting to an additional proportion of water. If one part 
of ice» is mixed with four parts of concentrated sulphuric acid, the ice 
melts- — great heat is evolved as a result of a second hydrate being formed, 
and the latent heat of the water being set free. But if one part of sul- 
phuric acid is rapidly mixed with four parts of ice, in the same or in another 
vessel, so intense a degree of cold is produced, that water is frozen in a 
tube which is placed in the mixture. This result is in accordance with what 
has been already stated, respecting the large amount of heat absorbed or 
rendered latent in the liquefaction of ice (p. 128). A hydrate is equally 
formed in the latter case; but as the ice greatly preponderates, and requires 
much heat for its liquefaction, it not only absorbs that which is produced as 
a result of hydration, but much more from all surrounding bodies. 

With some acids and alkalies w^ater appears to form no hydrates. Thus 
the nitrous (NOJ, the fulminic, hydrocyanic, and manganic acids form no 
definite compounds with water, although they combine with certain bases to 
produce salts. On the other hand, the presence of an atom of water is essen- 
tial to the constitution of oxalic acid (C3O3). When deprived of it, the 
acid is converted into carbonic acid (00^) and carbonic oxide (CO.) This 
atom of water admits only of displacement without the decomposition of the 
acid, by the substitution of an atom of a metallic oxide. Carbonic acid as 
a gas does not combine with water to form a definite hydrate ; and in the 
liquefied state, carbonic acid is quite insoluble in water. Liquid carbonic 
acid has no action upon litmus, but when the gas is dissolved in water, it 



134 HYGROMETRIC WATER. TESTS. 

changes it from blue to red, like other acids. That it forms no acid hydrate 
may be inferred from the fact, that the blue color of the litmus is restored 
by boiling the reddened liquid. Carbonic acid, therefore, is in the condition 
of a gas temporarily dissolved by water. Solution in water appears to be 
necessary for the manifestation of acid properties on vegetable colors; but, 
for reasons elsewhere assigned, it is not necessary to suppose that the water 
undergoes decomposition, and that a new binary compound of hydrogen and 
a hypothetical radical is produced (p. 86). Pyrogallic acid, as a solid, has 
no action on litmus ; when dissolved in water it reddens litmus paper, but 
when dissolved in absolute ether, and not exposed to air, it has no reddening 
action on litmus. In this respect,4t resembles liquid carbonic acid dissolved 
in pure ether. Among bases, ammonia is remarkable for forming no hydrate 
with water. Every particle of water may be removed, without altering the 
properties of gaseous ammonia, by simply desiccating it with liriie. It has 
been supposed, that a binary compound of oxygen and ammonium (NHJ is 
formed under these circumstances ; but of this there is a total absence of 
proof. (See Ammonium.) Such a view assumes, contrary to all experi- 
ments regarding the relative affinity of bodies, that hydrogen leaves oxygen 
to combine with the elements of ammonia, when it is utterly impossible to 
cause these bodies to unite ; 'and when placed in a favorable state for union, 
they are rapidly evolved as hydrogen and ammonia. 

The phenomena of osmosis have been referred by Graham to the hydration 
and dehydration of the membrane forming the septum, or partition, between 
two liquids. We have elsewhere referred to the passage of liquids through 
animal membrane (page 46). The membrane becomes hydrated on the 
surface which is in contact with the water, but on the side of the saline or 
viscid liquid, it is not hydrated. On the contrary, hydration here receives a 
check, and some of the w^ater imbibed by the membrane is actually trans- 
ferred to the saline liquid, so that there is a continual current inwards or 
outwards, according to the relative position of the two liquids. (Phil. Trans., 
June, 1861.) It is a remarkable fact, that while certain bodies will easily 
traverse the membranous partition, others will not. Substances of a viscid, 
adhesive, or gelatinous character, whether organic or inorganic {colloid 
bodies), of which animal membrane itself may be considered one, retain cer- 
tain ingredients, and allow others to pass. It was found by Graham in using 
parchment-paper, that on placing urine in a vessel provided with such a 
septum, the urea and salts passed out, but the animal principles were 
retained. Organic liquids containing small quantities of arsenic, tartar 
emetic, and even strychnia, were found to yield the respective poisons to 
water, while the organic substances associated with them did not pass. We 
have verified this statement by employing a weak solution of arsenic in milk; 
these experiments show that pure water in hydrating substances, may be 
employed as a separating agent. 

Tests for Water, — When water is in a state of chemical union, its presence 
is not indicated by any of the usual physical properties of the liquid. Pow- 
dered alum contains half of its weight of water, but presents no sign of 
moisture. In these cases we must resort to a high temperature, and to 
complex chemical processes, in order to determine its presence and propor- 
tion {see page 31). W^hen water exists as such in bodies, it is called 
hygrometric water, and it can be easily detected by gently heating the solid 
in a test tube. The water is expelled, and is condensed in globules on the 
cold part of the tube. It may be entirely driven off by exposing the 
substance to a dry current of air. For this purpose the material is inclosed 
in a glass cylinder, immersed in a water-bath at or below the boiling point. 
The desiccating apparatus commonly used is connected at one end of the 
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cylinder with a tube containing broken chloride of calcium, while the other 
end of the cylinder is placed in connection with an aspirator. When the 
stopcock of this aspirator is opened, air may be made to traverse the -whole 
of the apparatus, first passing through the chloride of calcium tube, in which 
it is dried. It is thus drawn over the substance in a dry state, at the 
temperature of the hot water in which it is immersed. When perfectly 
desiccated, it ceases to lose weight. If the quantity of water is to be deter- 
mined, a TJ tube containing chloride of calcium, accurately balanced, should 
be attached to the other end of the desiccating tube, before connecting it' 
with the aspirator. The increase of weight in this tube, when the experi- 
ment is completed, indicates the weight of hygrometric water contained in 
the substance. The chloride of calcium absorbs and fixes the water as it 
passes over. In some porous powders the proportion of hygrometric water 
is very large, amounting to 12 or 13 per cent. Another method of deter- 
mining the amount of free water in liquids or solids, consists in placing them 
in a shallow vessel in vacuo, over another vessel containing strong sulphuric 
acid. When the receiver is exhausted there is rapid evaporation in the 
cold, as the aqueous vapor is absorbed and retained by the sulphuric acid. 
The amount of water in albumen, or white of Qgg, is thus determined, and 
is found to be about 80 per cent. 

The tenacity with which hygrometric water fixes itself to solids is remark- 
able. All fine powders, such as spongy platinum, charcoal, or fine metallic 
wire, or gauze, filagree silver, and articles of a porous description are, 
generally speaking, strongly hygrometric, and require a continued application 
of heat to drive off the water which adheres to them. 

Of the tests for liquid water, nothing need be said. It resembles no other 
liquid, and the means of determining its purity have been already described 
(page 123). The detection of water in certain liquids, must depend on the 
nature of the liquid. In alcohol, water may be detected either by its specific 
gravity, or by adding to it, a small quantity of white anhydrous sulphate of 
copper. If water is present, the white powder is slowly rendered blue. 
Fluosilicic acid gas passed into the liquid, also reveals the presence of water, 
by the separation and deposit of white gelatinous silica. The existence of 
water in gases, is determined by passing the gas through a vessel containing 
chloride of calcium, or if acid, through strong sulphuric acid. Any increase 
of weight in the chloride, or acid, is owing to water. 

MINERAL WATERS. SEA- WATER. 

When the saline and gaseous ingredients of water, are in such proportion 
as to give to the liquid, taste, smell, or medicinal properties, it is called a 
mineral w^ater. 

Sea-ivater is a' strongly mineralized water; it may be regarded as the accu- 
mulation of all the surface-drainage of the earth. It contains, on an average, 
from 3 to 4 per cent, of saline matter, and this amount does not seem to vary 
to any great extent, either with the latitude, or with the depth from which 
the water is taken. Water collected from the surface of the Gulf of Guinea, 
contained 3 '5 per cent., and in the same gulf, when taken from the depth of 
4000 feet, it is stated to have yielded 4*5 per cent, of saline residue, showing 
an increase of only 1 per cent, at this depth. Sea-water taken in K L., 80°, 
sixty fathoms under ice, gave 3.-54 per cent., and in S. L., 20^, 3 '9 per cent. 

While carbonate of lime is the principal ingredients in river waters, it 
exists sparingly in the sea. The chief saline constituent of sea-water is 
common salt, or the chloride of sodium: this forms from one-half to three- 
fourths of the solid ingredients. The principal salts associated with it, are 
chloride and bromide of magnesium, with sulphate of magnesia, which give 
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the nauseous bitternevss and purgative qualities to the water. Chloride of 
potassium and sulphate of lime are also found : and as a result of prismatic 
analysis, Bunsen has lately announced the presence of lithium and strontium, 
probably existing as chlorides. He detected lithium in less than two ounces 
of the waters of the Atlantic, collected off the Azores. Iron, lead, copper, 
and silver, have also been found in sea-water. Silver was detected by M. 
Malaguti in water taken off the coast of St. Malo, in the proportion of 1 
part in 100,000,000, {Quart. Jour. Chem. Soc, 1851, vol. 3, p. 69,) and Mr. 
Field has lately announced its presence in the waters of the Pacific (Froc. 
B. S., vol 8, p. 292). 

The proportion of saline matter in the waters of some inland seas is very 
large. Thus we have found the waters of the Dead Sea in Palestine to con- 
tain 24 per cent, of saline matter, of which three-fourths were chloride of 
sodium. This is six times as great as the quantity contained in the waters 
of the Mediterranean Sea, in the same parallel of latitude. The water of 
the river Jordan, which flows into this inland sea, we found to contain no 
more than two grains of salt to the Imperial gallon, and only a trace of sul- 
phate of lime, while the common salt in the Dead Sea water, amounted to 
12,600 grains in the Imperial gallon. This water had a specific gravity of 
ri6, and left a considerable incrustation of deliquescent saline matter on 
spontaneous evaporation. Every part of the human body, excepting bone, 
readily floated on it. The water of the great Salt Lake in the Kocky 
Mountains, U. S., is similar to that of the Dead Sea. It has been found to 
contain 22 per cent, of saline matter, of which 20 per cent, consists of chlo- 
ride of sodium. 

The tidal impregnation of river-water with sea-water may therefore be 
easily determined, by the discovery in it of a large proportion of the chlorides 
of sodium and magnesium. Springs are said to be brackish when they 
acquire a taste from the presence of these chlorides. Such springs are met 
with in countries in which there are vast sandy deserts, also in shallow wells 
on the sea coast. 

The mean specific gravity of the waters of the Atlantic was found to be 
1-02T ; of the Mediterranean, between Gibraltar and Malta, 1*028, and be- 
tween Malta and Alexandria, 1029. The waters of the Red Sea, at the 
northern end of the Gulf of Suez, had a specific gravity of 1*039 (Proc. R. S.^ 
Feb. 1855). Admiral King found the waters of the Pacific Ocean to have 
a specific gravity of 1*026. The influence of river- water on the specific 
gravity and composition of sea-water, is very remarkable. At the estuaries 
of all great rivers, the percentage of salt is considerably reduced, and in 
approaching the coasts of continents, or even of small islands, there is a great 
diminution in the saltness of the sea. The following summary contains the 
proportions of saline matter and common salt found, by analysis, in 1000 
parts of the waters of various seas : in the North Sea (Heligoland), of saline 
matter 30*46 (common salt 23*58); British Channel (Schweitzer), saline 
matter 35*25 (common salt 28*05); Atlantic, saline matter 36*3 (common 
salt 25*18) ; the Mediterranean (Usiglio), saline matter 43't3 (common salt 
29*42) ; the Black Sea, saline matter 11*66 (common salt 14'01) ; the Sea of 
Azoff, saline matter 11 'St (common salt 9 '65); the Caspian Sea, saline 
matter 6*29 (common salt 3-61). — (Gobel.) The water of the Mediterranean 
Sea contains more lime than that of the Atlantic, and the proportion of mag- 
nesian salts in the Mediterranean water diminishes in proceeding from, west 
to east (Fremy, Op. cit. tom. 1, p. 253). The waters of the Baltic Sea con- 
tain but a small proportion of saline matter; and the water of the Gulf of 
Finland is so free from it, that it can be used in place of river-water. The 
waters of the great lakes in' the plains of Tartary, contain large quantities of 
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carbonate of soda and sulphate of soda, with common salt; while those of 
Thibet contain common salt, with borate of soda. 

Mineral Waters owe their qualities not merely to the quantity of the 
ingredients, but to their nature and their intermixture under conditions 
which it is difficult to imitate by artificial processes. The Tunbridge chaly- 
beate spring contains only seven grains of mineral matter to the Imperial 
gallon ; it owes its properties to the presence of iron, the proportion of 
which is not more than two grains in the gallon. On the other hand, one ©f 
the Yichy springs contains 460 grains of saline matter in the gallon, of 
which 333 grains consist of bicarbonate of soda. There are, according to 
0. Henry, soluble silicates of soda and alumina in this water, amounting to 
forty-four grains in the gallon. In several of the German waters, Bunsen 
has detected lithium, strontium, and csesium, in addition to other well-known 
ingredients. Mineral waters may vary in their solid contents, as much as 
from 1 to 500 grains in the gallon. They are hot or cold, the former being 
called thermal. The hot springs in Great Britain are few. They are — the 
waters of Bath, 117° ; of Buxton, 84°; of Matlock, 66° ; and in Ireland the 
waters of Mallow, which have a temperature of tS^. On the Continent, 
some of these waters reach a temperature little short of the boiling point. 
One of the most remarkable waters for its temperature and composition, is 
that of the Great Geyser, in Iceland. Examined in 1846 by Bunsen, at a 
depth of sixty-three feet, this water was found to have a temperature of 
260°. A sample of this water, collected on the 16th June, 1856, was 
observed, at the time of collection, to have a temperature of 190°, the air 
being 4^°. We found this water to contain 106*6 grains of saline matter in 
the gallon. Of this 19*53 grains couvsisted of carbonate of soda, 24*42 of 
chloride of sodium, 14*65 of sulphate of soda, and 48 grains of silica and 
insoluble matter. There is no doubt that in this, as in the Yichy and other 
waters, the silicic acid is held dissolved by the alkaline carbonate. 

Yarious classifications of mineral waters have been made. We here give 
four of the principal varieties, with their special characters ; — ■ 

1. Carbonated. — These abound in carbonic acid associated with variable 
quantities of the alkalies, soda, potassa, or lime, or with traces of oxide of 
iron. The waters of Seltzer, Pyrmont, and of Ilkeston, near Nottingham, 
are of this kind. They are sparkling, and are characterized by an acidulous 
taste and reaction. 1. They redden an infusion of litmus, but the blue 
color is restored on boiling. 2. They give a white precipitate with lime- 
water (carbonate of lime), but the precipitate is redissolved by an excess of 
the water. 3. TVhen a portion is boiled in a retort, and the gaseous 
contents are passed into lime-water, carbonate of lime is abundantly 
deposited. These waters may be alkaline from soda (Yichy), or calcareous 
from lime (Bath, Bristol, Buxton). . 

2. Saline. — These are very numerous. They contain the salts of soda, 
potassa, and magnesia. Chloride of sodium is generally a predominating 
ingredient, as in some of the Cheltenham waters. This chloride is generally 
associated with traces of bromide and iodide of sodium. They are charac- 
terized by their taste, and the large quantity of saline matter left on 
evaporation. 

3. Sulphureous These are known by their having the offensive odor of 

sulphuretted hydrogen gas, and by their tarnishing or discoloring a piece of 
silver-leaf, or of glazed card, immersed in them, or by their giving a brown 
precipitate (sulphide of lead), with any soluble salt of lead. (Kilburn, 
Harrowgate, Aix-la-Ohapelle, Bareges.) The sulphuretted hydrogen appears 
to be derived from decomposing iron-pyrites, diffused in the strata through 
which the water flows. The waters, when fresh, have an acid reaction on 
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litmus, but this disappears on boiling. After a time tliey deposit a black 
sediment (sulphide of iron), and lose their offensive smell. We have 
examined a water of this description from Vancouver's Island, in British 
Columbia. 

4. Ghalyheate (j^a^aj^^o^, iron). — These vi^aters derive their name from the iron 
which they hold dissolved. There is scarcely a natural water in which traces 
of iron may not be found, but the quantity is so 'minute as not to affect the 
tpste of the water, although so small a portion of oxide of iron as l-35000th 
part of the weight of the water, is sufficient to give the strong chalybeate 
taste possessed by the Tunbridge spring. There are two kinds of chalybeate 
water— the carbonated and the sulphated. The Tunbridge and Bath waters 
belong to the carbonated kind ; they contain but a small quantity of saline 
matter (the Tunbridge Chalybeate less than eight grains in the gallon), and 
they owe their chief property to protoxide of iron, held dissolved by 
carbonic acid. Hence, although clear when freshly drawn, they become 
turbid on exposure by the escape of carbonic acid, and they deposit a brown 
ochreous sediment of hydrated peroxide of iron. The sulphated chalybeates 
contain a large quantity of sulphate of iron in solution, derived from the 
oxidation of iron pyrites in the strata from which they issue. We have 
examined one such spring from Horncastle, in Lincolnshire, and found it 
to contain, in the Imperial gallon, 263 grains of solid matter, of which 169 
grains consisted of the sulphates of iron and alumina. Chalybeate waters 
abound in the Rhine' district, and they are also very numerous in France. 
In some of the waters of Aix-la-Chapelle, the iron is combined with the 
crenic and apocrenic acids. One curious fact connected with them is, that 
they generally contain traces of arsenic. This ingredient may be found in 
the mineral water itself, but more commonly in the sediment. In France, no 
fewer than forty-six waters, including the six springs of Vichy and the waters 
of Mont d'Or and Plombieres, are thus impregnated with arsenic. The 
Yichy water is said to contain the 125th part of a grain of arsenic in a gallon. 

The tonic and other medicinal properties of these waters are now con- 
sidered to be due, at least in part, to the arsenic which they contain. The 
Wiesbaden water, according to Dr. Hofmann, contains one grain of arsenic 
in 166 gallons {Ghem. News, Aug. 11, 1860). The waters of Spa and Kis- 
sengen are also arsenical. The arsenic is probably in the state of arsenite 
and arseniate of iron, and is held dissolved in minute proportions by the 
carbonic acid of the water. It is precipitated in the sediment with oxide of 
iron. The arsenic has been probably derived from decomposed iron-pyrites 
in the strata, and to this cause may be ascribed the presence of arsenic in 
some of the river waters of this country. It has been found in the water of 
the Whitbeck, in Cumberland, by Mr. Church (Ghem. Neivs, Aug. 25, 1860). 
We have detected it in the water of the Mersey, supplied to a large town, 
in the proportion of one grain of arsenic in 250 gallons, and Dr. Miller dis- 
covered arsenic in a potable water from Suffolk. Mr. D. Campbell and 
ourselves discovered this mineral in the sediment of some small streams of 
Derbyshire, and there is but little doubt that if waters traversing mineral 
districts were examined by chemists, with a view to its detection, arsenic 
would frequently be found, either in the water or in the sediment. We have 
detected arsenic in two ounces of dry Thames mud. Its alleged presence 
in the deposits of boilers may receive an explanation from these facts. It 
is not found in all chalybeate waters. We have made two analyses of 50 
and 100 grains respectively of the ochreous deposit of the Tunbridge water 
without detecting any trace of arsenic, so that carbonated chalybeate waters 
do not necessarily contain this mineral. 

A carbonated chalybeate-water is known, 1, by its inky taste ; 2, by its 



PEROXIDE OF HYDROGEN. ITS PROPERTIES. 139 

giving, when boiled, a grayish-green deposit, which becomes ochreous on 
standing; 3, by its acquiring a pink or purple tint when tincture of galls is 
added to it ; 4, by boiling it with a few drops of diluted sulphuric acid, and 
adding to it a solution of ferrocyanide of potassium, when Prussian blue is 
precipitated ; 6, paper soaked in an infusion of rose petals, when dipped in 
this water, acquires a dark color (tannate of iron). 

Peroxide of Hydrogen (HO3). — This compound w^as discovered by The- 
nard, in 1818. It was at one time considered to be water, holding an addi- 
tional equivalent of oxygen, and was thence called oxygenated tvatevj or oxy- 
water. It is, however, a definite compound of oxygen and hydrogen, 
although resolvable into water and oxygen under some remarkable condi- 
tions. It has been -obtained free from water and in solution in ether ; hence 
it must be regarded as an independent oxide. 

Preparation. — Eegnault recommends the following process for its prepa- 
ration : Peroxide of barium is rubbed in a mortar, with a sufficient quantity 
of distilled water to make a liquid paste ; this paste is added by small por- 
tions to a mixture of one part of hydrochloric acid and three parts of water 
placed in a porcelain vessel immersed in a freezing mixture. The liquid 
must be kept stirred during the additions. The changes which ensue may 
be thus represented (Ba02-t-HCl=BaCl + TI0^). When the diluted acid is 
saturated, a fresh quantity of concentrated hydrochloric acid is added, and 
to this another quantity of the peroxide of barium. The operation is re- 
peated until a solution of chloride of barium is obtained, which is saturated 
for the low temperature to which the mixture is exposed. If the liquid is 
now immersed in a mixture of ice and salt, the greater part of the chloride 
of barium is deposited, by reason of its insolubility in water at a low tem- 
perature. The small portion dissolved may be precipitated entirely by the 
cautious addition of sulphate of silver (BaCl + AgO,S03=BaO,S034-AgCl). 
The precipitates are separated by filtration and pressed. The filtrate is con- 
centrated by evaporation in vacuo. Por this purpose it should be placed in 
a shallow vessel over one containing concentrated sulphuric acid. Another 
and less complex method of preparing this compound consists in adding the 
paste of peroxide of barium in sufficient quantity to a strong solution of 
hydrofluosilicic acid. The baryta is precipitated by the acid. The liquid 
containing peroxide of hydrogen may be separated by filtration, through 
gun-cotton, and concentrated in vacuo by the method above described. The 
peroxide may be preserved by acidulating it with a small quantity of hydro- 
chloric acid, which, in the diluted state, is not decomposed by it. The 
peroxide should always be kept in a cool place. 

Properties. — Peroxide of hydrogen is a colorless syrupy liquid of a sp. gr. 
of 1*452. When quite free from water it is not solidified at zero. At tem- 
peratures above 60° it begins to be decomposed. If heated, the decomposi- 
tion takes place rapidly and sometimes with explosion, the compound being 
converted into water *and oxygen (H02==H0 + 0). It sinks in water, but 
is dissolved by that liquid in all proportions, and the aqueous solution is not 
decomposed until it is heated to above 100°. It bleaches the skin and com- 
pletely destroys vegetable colors. It is a powerful oxidizer. Potassium, 
sodium, arsenic, selenium and other simple bodies are rapidly oxidized by it, 
and the sulphides of copper, silver, antimony, and lead are converted by it 
into sulphates. It also oxidizes the hydriodic, hydrosulphuric and sulphurous 
acids. This compound is resolved into water and oxygen, not only by heat 
but by contact with certain metals or their oxides. It is decomposed by 
platinum, gold, and silver; and, if the metals are in a finely divided state, 
with explosion. By mere contact with the oxides of these metals, or with 
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the peroxides of manganese or lead, or by simple admixture with a solution 
of permanganate of potassa, it is resolved entirely into oxygen and water. 
It is, however, a remarkable fact that it may remain in contact with phos- 
phorus and phosphorous acid without immediately oxidizing these substances. 
It has been elsewhere stated (p. 10*1) that peroxide of hydrogen is considered 
to be the positive polar state of oxygen (antozone), while the oxygen of the 
peroxides of manganese and lead is ozone, or oxygen in the negative polar 
state. The union of the two is supposed to produce neutral oxygen. 

Peroxide of hydrogen has been obtained in solution in ether by Dr. Storer. 
For this purpose he employed peroxide of sodium made by heating sodium 
cleaned from naphtha, in a platinum dish, and keeping the metal stirred with 
an iron rod. The peroxide was introduced in small portions into a mixture 
of 1 part sulphuric acid to 24 water, kept cool by ice. After a few additions, 
the acid liquid was agitated with successive portions of ether, until the ether 
ceased to produce a blue color, with a diluted solution of chromic acid. A 
small quantity of the peroxide of sodium was found to give a large quantity 
of the compound.— -((7/^em. Neios, August, 1861, p. 5T.) Schonbein has 
succeeded in impregnating ether with the peroxide by simply introducing a 
coil of red-hot platinum wire, into a bottle of air, containing a small quan- 
tity of ether mixed with water. If this experiment be performed several 
times, and the liquid shaken each time, it will be found to have dissolved 
sufficient peroxide, to give a blue color to a solution of chromic acid, and to 
evolve oxygen with a solution of permanganic acid, with peroxide of lead, 
or with the hypochlorites. At the same time the ether is oxidized by another 
portion of oxygen (ozone) which escapes. — (76., May, 1860, p. 254.) 

Composition. — The analysis of peroxide of hydrogen is easily made by 
placing a measured quantity of the liquid in a graduated tube over mercury, 
and then introducing into it some finely powdered peroxide of manganese, 
wrapped in filtering paper. The liberation of oxygen begins on contact, 
and the greater the quantity evolved, the stronger the compound. There is 
no substance known which contains so large a proportion of oxygen as this. 
It amounts to 94 per cent, by weight, and according to Pelouze, in its maxi- 
mum of concentration, it will give off 415 times its volume of oxygen. Its 
constitution is as follows : — • 

Atoms. Volumes. 'Weights. In 100 Parts. Pelouze. 

Hydrogen H ... 1 ... 1 ... 1 ... 5-9 ... 5.88 

Oxygen Og ... 2 ... 1 ... 16 ... 94-1 ... 94-12 



Peroxide of hydrogen 1 1 17 100-0 100-00 

It is decomposed by electrolysis, and the quantity of oxygen evolved, is 
twice as great as that separated from water. 

There is no other compound of oxygen and hydrogen known. 



CHAPTER XII. 

NITROaEN (N=14).— THE ATMOSPHERE. 

jS^s^ory.-— Nitrogen (from vU^ov^ nitre, and yewdisi, to produce) was dis- 
covered by Dr. Rutherford in 11Y2, up to which time it appears to have 
been confounded with carbonic acid. It was called Azote by Lavoisier, a 
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name still retained by the French chemists. This is derived from a, priv., 
and ^ujTi, life, owin^^ to the gas rapidly destroying the life of an animal; 
but it is obvious that such a name would be equally applicable to all the 
gases. The name assigned to this element by English chemists, is based 
on the property which it possesses of producing with oxygen, an acid which 
enters into the composition "of nitre. ^N'itrogen, although found abundantly 
in the mineral kingdom, is one of the most important constituents of organic 
substances. A large number of animal, and many vegetable compounds 
contain it. It forms nearly four-fifths, by weight, of the atmosphere in an 
iincoffibined or free state. Among native mineral substances, nitrate of 
potash contains 14 per cent., and nitrate of soda 16 per cent, of nitrogen. 
It is a constituent of most fulminating compounds, e. g., the fulminates of 
mercury, silver, and gold. Ammonia and all its salts contain it in large 
proportion. 

Preparation.-^'Nitvogen may be obtained by burning phosphorus in a 
confined portion of atmospheric air. For this purpose, a tall glass jar, 
open at the bottom, and provided with a stopcock, vshould be selected: a 
small porcelain or metallic cup, containing a sufficiency of inflamed phos- 
phorus, is then set afloat in the water-trough, and the jar immediately inverted 
over it. A quantity of air is at first expelled by the heat: the stopcock is 
then closed and the combustion goes on for a few minutes ; when it has 
ceased, and the apparatus has cooled, the cup is easily removed by agi- 
tating .the jar, so as to sink the phosphorus through the water. The resi- 
duary gas, which is in nitrogen, should be then thoroughly washed with 
lime-water, or with a weak solution of potassa. 2. We may procure it with- 
out combustion by placing a stick of phosphorus on a cork or in a porcelain 
capsule on water, and inverting over this a capacious jar of air. In about 
48 hours the water w^ill have risen in the jar to the extent of one-fifth, and 
the residuary gas, when washed with a weak solution of potassa, will be found 
to be nitrogen in a pure state. 3. Bright iron filings sprinkled in ajar whet- 
ted on the inside and inverted over a water-bath, will also yield it— the 
oxygen in this case being removed by the iron. The residuary gas (nitro- 
gen) is not contaminated with any acid, but it may contain a trace of am- 
monia, which is easily removed by agitation with water. 4. If, in place of 
iron, copper turnings or filings are used, the jar being previously rinsed out 
wqth strong hydrochloric acid, nitrogen will be equally obtained— the oxygen 
being entirely removed, while the copper is converted into subchloride. 
The gas may be decanted and well washed in water. 5. The mode in which 
nitrogen maybe procured perfectly pure is the following: Place in a por- 
celain capsule, floating in a w^ater-bath, some pyrogallic acid, and pour on 
the acid a strong solution of potassa. Invert over the capsule ajar of air. 
The oxygen will be more or less rapidly removed, according to the quantity 
of pyrogallic acid, and the strength of the solution of potassa. In this case, 
the carbonic acid as well as oxygen is absorbed by the liquid, so that the 
residuary nitrogen contains only aqueous vapor, which, if necessary, may be 
removed from it by dry potash. Other methods for procuring the gas have 
been suggested, e. g. by passing air through a tube containing metallic cop- 
per, heated to redness. In this experiment the air is deprived of its oxygen, 
oxide of copper is formed, and the nitrogen passes over. It has been also 
recommended to procure the gas by decomposing a strong solution of ammo- 
nia by a current of chlorine, but this process is attended with some danger. 
If the nitrogen is entirely deprived of oxygen by any of the above processes, 
no red fumes will appear on mixing it with its volume of deutoxide of nitrogen. 

Properties. — Nitrogen is a permanently elastic, colorless, neutral gas, with 
neither smell nor taste : it has no action upon vegetable colors or upon lime- 
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water. It is not dissolved by water, except that fluid has been deprived of 
its ordinary portion of air by long boiling, when it takes up about one and 
a half per cent. Its refractive power in regard to light is to that of atmos- 
pheric air as 1'034 to 1*000. It is rather lighter than atmospheric air, 
compared with which its speci^c gravity is 0'96t : 100 cubic inches weigh 
at mean temperature and pressure 29*96 grains. (Thompson.) Its specific 
gravity in reference to hydrogen is as 14 to 1. The following experiments 
will serve to illustrate the properties of this gas. It does not support com- 
bustion : 1. A lighted taper, burning camphor, or a flame of ether, when 
plunged into the gas is immediately extinguished. 2. If quite free from 
oxygen, inflamed phosphorus will be extinguished in it. These facts prove 
that in ordinary language, it will neither burn nor support the combustion of 
other bodies. 3. The neutrality of the gas, if deprived by washing, of any 
traces of the vapor of phosphorus or of phosphorous acid, may be proved by 
pouring into it a solution of litmus ; the blue color will remain unchanged. 
4. On shaking the liquid with the gas, its insolubility in water, will be 
manifested by a lighted taper being as readily extinguished after, as before 
the introduction of the litmus. 5. If into another jar we introduce a solution 
of chloride of lime, colored with litmus, the blue color will not be discharged 
— a proof that the gas is not acid. 6. When lime-wat'er is poured into a jar, 
and the vessel is shaken, the lime is not precipitated. *J. If a solution of 
potassa is added to ano.ther jar, the gas remains undissolved. 8. A piece of 
caustic potassa moistened and placed in a tube of nitrogen over mercury, 
produces no absorption or alteration in the volume of the gas. The 
extinction of burning bodies is common to nitrogen and carbonic acid ; but 
the experiments 3 to 8 serve clearly to distinguish the two gases, and by 8 
they may be separated when mixed. Traces of an acid of phosphorus are 
sometimes found in the nitrogen obtained by the use of this substance, and 
the gas may thus appear to have an acid reaction, but as it is procured by 
the oxidation of iron, no acid is produced. 

Potassium will not burn in nitrogen. Allow a stratum of half an inch of 
water to remain in a jar of the gas. Throw into the jar a piece of 
potassium ; it will decompose the water, but without combustion. 

Although nitrogen is a necessary constituent of atmospheric air, it cannot 
be breathed in a pure state without destroying life. It does not appear to 
operate as a poison, but when breathed, it simply induces suffocation, owing 
to the absence of free oxygen. If it had any directly noxious effects on the 
body, it could not be breathed by animals in the large proportion in which 
it enters into the mixture of gases, known as the atmosphere. 

Nitrogen is said not to be combustible, but under certain circumstances, 
it may be made to undergo a kind of combustion, as when electric sparks 
are passed through atmospheric air, or through a mixture of one volume of 
nitrogen with two or three of oxygen ; in this case each spark will be 
attended by the production of a trace of nitric acid, and after some hundred 
sparks, the blue color of litmus will be changed to red. Here combustion 
appears to take place in that portion of the gas immediately subject to the 
action of the sparks ; but the temperature of the surrounding gas is not 
thus sufficiently elevated to enable the combustion to spread beyond the 
immediate sparks. This is probably the source of the nitric acid, and -of 
the nitrates found in rain-water after thunderstorms. The nitrogen of the 
atmosphere is also liable to oxidation, as a result of the action of^ ozone. 
(See page 105.) Some of the effects ascribed to ozone, have been set down 
to the combustion of nitrogen. 

If a mixture of nitrogen with twelve or fourteen volumes of hydrogen, be 
kindled as it issues from a small tube, and burned either in common air or in 
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oxygen, water and nitric acid will be formed ; so that in this ease the 
nitrogen may be said to undergo combustion by the aid of the elevated tem- 
perature of the flame of hydrogen ; but it must be recollected that in these 
cases nitric acid could be produced without the presence of water, and that 
it may tend to dispose an union which would not otherwise take place. The 
formation of a trace of nitric acid, when hydrogen is burned in common air, 
is referable to the same cause. Bunsen has found that by adding to the 
mixture of oxygen and nitrogen, two volumes of detonating gas (composed 
of two volumes of hydrogen and one of oxygen), nitrogen may be easily 
oxidized and converted to nitric acid. If the detonating gas is used in the 
proportion of from three to five volumes of the mixed oxygen and nitrogen, 
so much nitric acid is produced, that the mercury in the tube, is dissolved 
with the evolution of deutoxide of nitrogen. {Gasometry, p. 68.) 

Much discussion has arisen respecting the nature of nitrogen ; and the 
question has been agitated, whether it is or is not a simple body ; but 
although many ingenious surmises have been published on the subject, and 
many analogies suggested in favor of its being a compound, no experimental 
proofs have been hitherto adduced. The production of nitrides by combina- 
tion with certain metals, and the metallization of ammonia, are considered 
by some chemists to favor the view of its compound nature. 

Nitrogen is one of those elementary bodies on which the electric current 
appears to exert no influence. According to Faraday's researches, nitrogen, 
when under the influence of the current, has shown no tendency to pass in 
either direction. 

Equivalent and Compoimds.'--'The equivalent weight of nitrogen is 14, 
and its volume equivalent is 1. In the free state, it is remarkable for its 
neutrality or indifference to combination. In the nascent state it readily 
unites with hydrogen and oxygen, forming ammonia, and, in some cases, 
nitric acid. It forms also compounds with carbon, chlorine, and iodine, but 
only as a result of complex chemical changes. When combined, it is 
remarkable for its instability, since slight physical causes will lead to its 
sudden separation with explosion, from many of its combinations. Fulmi- 
nating substances frequently owe their properties to the suddenness with 
which this element is liberated. 

2esfs. — Nitrogen-compouuds, such as nitric acid and ammonia, are easily 
recognized by appropriate tests. The only difficulty connected with the 
detection of nitrogen, is in reference to its presence in organic substances. 
It is, however, readily converted into ammonia, and from the production of 
ammonia, we infer the existence of nitrogen. For this purpose, the sub- 
stance dried and powdered is mixed with its bulk of soda-lime (a mixture 
consisting of two parts of hydrate of lime, and one part of hydrate of soda). 
On the application of heat to the mixture, ammonia is evolved. This is 
known l)y its odor, and its volatile alkaline reaction on test-paper, as well 
as by its special chemical characters. (See Ammonia.) Another method 
consists in forming a carbon-compound (cyanogen). The substance pow- 
dered is introduced into a closed tube, with a small portion of potassium or 
sodium, the metal being placed below. The mixture is then heated to fusion, 
and, when cold, the dark residue is lixiviated in water. The aqueous solu- 
tion filtered, acidulated ^vith diluted sulphuric acid, and tested with absolution 
of persulphate of iron, will yield Prussian blue (a compound of cyanogen 
and iron.) The detection of a cyanogen-compound proves that nitrogen must 
have been present in the organic substance. 

The Atmosphere.— It will be understood from the preceding remarks, 
that atmospheric air is a mixture of gases, in which nitrogen predominates. 
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Besides, Ditrogen, which forms nearly four-fifths, the other principal ingre- 
dient is' oxygen, constituting about one-fifth; and in addition to these, there 
are comparatively small quantities of carbonic acid, aqueous vapor, sulphu- 
rous acid, ammonia, and other gases, as well as organic matter. The term 
atmosphere (from aifixos, vapor, and cr^^atpa, sphere), is applied to the great 
aerial ocean which surrounds the earth, and extends, in varying degrees of 
density, about forty-five miles from its surface. Large as this may appear, 
it represents only l-160th part of the earth's diameter; — in a globe of forty 
feet diameter, this would be equivalent to a thickness of only three inches. 
The term atmosphere is appropriate, inasmuch as it is the receptacle of all 
the gases and vapors, organic or inorganic, which are constantly escaping 
from the surface of the earth and sea. 

Properties. — The physical and chemical properties of the air are those of 
Its two principal constituents, oxygen and nitrogen ; the active properties of 
oxygen being modified by dilution with nitrogen. Air is a transparent, 
colorless, elastic, tasteless fluid, and, as its two constituents are permanent 
gases, it has not yet been liquefied by cold or pressure. It has been con- 
densed to a degree but little inferior to that of water (l-675th part of its 
original volume), without undergoing any change in its physical condition 
(page 14). Heat simply expands it (page ^6), and, within certain tempera- 
tures, with great uniformity. The nitrogen has no positive properties ; 
oxygen is the principal chemical agent, and is largely consumed in combus- 
tion and respiration (page 88). The oxygen thus consumed is replaced by 
an equal volume of carbonic acid, and this in its turn is absorbed and 
decomposed by the green parts of vegetables under the influence of solar 
light, so that the carbon is fixed in the vegetable structure, and the oxygen 
is evolved either in its common or allotropic state. The animal and vege- 
table are thus proved, in reference to the atmosphere, to have a compensating 
relation to each other. Air is dissolved by water, but the oxygen is taken 
up in larger proportion than nitrogen (page 129). It is this which imparts 
a fresh, aerated taste to water. The proportion of air dissolved, is subject 
to variation, but in natural spring v/aters it is seldom less than two cubic 
inches in one hundred of water. It is expelled by boiling, congelation, or 
the removal of atmospheric pressure, as by placing a glass of spring water 
under the receiver of an air-pump and exhausting the vessel. The air is 
seen to escape in small bubbles. Owing to the diminution of pressure, water 
at lofty elevations is less aerated than at the level of the sea, and, by reason 
of the deficiency of air, the lake-water of high mountainous districts, is not 
fitted to support the existence of fish. Air adheres more or less to all solids, 
and it is especially contained in porous solids. A stick of charcoal sunk in 
water by a leaden weight, and placed in vacuo, yields a large quantity of 
air, which issues in torrents from the ba'oken ends. A piece of pumice, or 
an egg, sunk in a vessel of water, presents a similar phenomenon. Even the 
smooth and polished surfaces of metals, may thus be proved to have a film 
of air adherent to them. 

In combustion, the oxygen alone is consumed, the nitrogen is set free and 
mixes with the carbonic acid produced at the expense of the oxygen. Air is 
therefore rapidly contaminated by this process, and in a confined space, the 
nitrogen and carbonic acid, as a result of the heat of combustion, accumulate 
in tlie upper part of the vessel or apartment. Neither of these gases is 
respirable, and neither will support ordinary combustion. The following 
experiments will illustrate the deterioration of air under these circumstances. 
Fix three wax tapers to a stout wire placed upright, and about three feet in 
height, so that one is at the upper part, one at the lower, and" the third in 
the middle. Light the tapers, and invert over them a tall stoppered shade, 
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leaving a slight space for the entrance of air below. The accumulation of 
deoxidized air (nitrogen) and carbonic acid in the upper part of the shade, 
will be indicated by the early extinction of the upper and middle tapers, while 
the lower one will continue to burn. If, when the lower taper is burning 
dimly from impurity of the air, the stopper is removed from the shade, a 
current of air is immediately set up, the gaseous products of combustion are 
carried off, and the lower taper will burn with a brighter flame. This experi- 
ment establishes the necessity for a rapid removal of the products of com- 
bustion, and the results are equally applicable to the contamination of air 
by the respiration of animals. Fix in the stoppered aperture of a bell jar, 
by means of a closely-fitting cork, a glass tube, about an inch in diameter. 
The tube should rise several inches above the level of the jar, and should 
reach on the inside to within two inches of its base. Mount in a plate two 
pieces of wax taper, one sufficiently tall to reach nearly to the top of the jar 
when placed over it, the other so short, that when ignited, the point of the 
flame only will be inclosed by the open end of the glass tube fixed in the 
jar. Light the tapers and invert the jar over them, not pressing it down 
closely at the base. The tube should be so adjusted to the short taper, as 
to act like a chimney to it, care being taken that it is not touched by the 
flame. In a short time, if the cork is well fitted, the tall taper will be ex- 
tinguished, but the short taper will continue to burn. In the one case, the 
products of combustion are not carried off, in the other they are, and the 
supply of air is continually renewed. As a proof of this, if we hold over the 
chimney-tube a small gas-jar, the deposition of water on the glass will be 
apparent, and after a time, the presence of carbonic acid may be proved by 
pouring lime-water into the jar. (The production of carbonate of lime will 
be indicated by a milky appearance of the lime-water.) The principles of 
the ventilation of dwellings are based on a proper adjustment of the supply 
of pure air for combustion and respiration, and a provision for the complete 
removal of the products as they are formed. In the burning of coal-gas the 
production of sulphurous acid may be an additional source of noxious 
impurity. 

When combustion takes place in rarefied air, as when a candle is placed 
under a receiver from which the air has been partially removed by the air- 
pump, the flame is elongated, becomes less luminous, and is soon extinguished. 
According to observations made by Dr. Frankland, in 1859, on the summit 
of Mont Blac, it appears that at this elevation the amount of combustible 
consumed, is as great as at the level of the sea, although the light emitted 
by a burning candle is considerably less. 

Air is usually taken as the standard of specific gravity for gases, being, 
for this purpose, I'OOO. It is also the standard for refraction, specific heatj, 
and other properties of gases. One hundred cubic inches of dry air at mean> 
temperature (GO^), and mean pressure (30 inches), are considered to weigh 
31 grains. This nearly corresponds to the sum of the weights of the consti- 
tuent gases, having regard to the proportions in which they are mixed. Air- 
is about 815 times lighter than its volume of water, at 60^. Compared with 
hydrogen its density is as 14'4 to 1. The weights of 100 cubic inches of any 
gas or vapor may be determined by multiplying the specific gravity of the 
gas or vapor by 31, the weight of 100 cubic inches of air. Thus : nitrogem 
has a sp. gr. of 0*96^ and 0-96t x31 = 29-98 grains, the weight of 100 cubic 
inches of this gas. 

Pressure of the Atmosphere. — Owing to the gravitating force of the atmo- 
sphere and the great elasticity of its constituent gases, the lowest stratum — 
that which is in contact with the surface of the earth, and in which warm- 
blooded animals live, is highly condensed. The pressure of the atnaosphere 
10 
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at the level of the sea, is equal to 15 pounds on every square inch, or about 
2216 pounds on each square foot. It is calculated that one cubic inch at 
the surface, would expand into 12,000 cubic inches at the extreme limit of 
the atmosphere (45 miles). The proportionate increase in volume at differ- 
ent elevations, as the result of the decrease of pressure, is given in the sub- 
joined table. It will be perceived that at a height of only 2 '105 miles 
(14,282 feet), the atmosphere loses one-half of its density; in other words, 
one volume at the surface would expand into two volumes at this elevation. 
So rapid is the decrease of density, that while one-half of the mass of the 
atmosphere is within three miles of the surface, four-fifths of it are within 
eight miles, leaving only one-fifth for the thirty-seven miles above this eleva- 
tion. While the height increases in arithmetical progression, the increase of 
volume (or decrease of density) follows a geometrical ratio :— - 

Height above the Volume. ^^^^^^. ^^T "'^ Volume, 

sea in miles. vuiumo. sea m miles. 

1 10-820 16 

2-705 2 13*525 32 

5-410 4 16-230 64 

8-115 . .• . . .8 18-935 . . , . .128 

The temperature of the atmosphere diminishes about 1^ for every 350 feet 
of ascent, the cause of which is partly referable to the increased capacity of 
air for heat in proportion as its density diminishes, and partly to the cir- 
cumstance that the atmosphere is chiefly heated by contact with the earth. 
The line of perpetual congelation gradually ascends from the equator to the 
poles. At Oo latitude it is stated to be 15,200 feet; at 60°, 3,818 ; and at 
T60, only 1000 feet. 

If a tube three feet long is filled with mercury, and inverted in a mercurial 
bath, the metal will fall in the tube until its height from the surface of the 
bath is equal to about 30 inches. If placed under a receiver and the air is 
withdrawn, the mercury will fall in the tube. On readmitting the air it will 
again rise. It is therefore obvious that this column of mercury is supported 
in the tube by the pressure of the atmosphere on the surface of the liquid 
metal in the bath. From this experiment it will be easy to calculate the 
exact amount of pressure on the lowest stratum of air. This has been 
already stated to be equivalent (in round numbers) to 15 pounds avoirdu- 
pois on every square inch of surface. In reality, however, the pressure, 
assuming the mean height of the barometer to be 30 inches, is 14*6 pounds 
on the square inch— a result which is thus obtained : The weight or gravi- 
tating force of the atmosphere, is proved, by the experiment above-mentioned, 
to be exactly equal to the weight or gravitating force of a column of mercury 
thirty inches in height. A column of this metal, the base of which would 
be equal in area to a square inch, would consist of thirty cubic inches. The 
specific gravity of mercury being 13'5, the weight of a column of 30 cubic 
inches will represent the gravitating force of the atmosphere on the area of 
a square inch. A cubic inch of mercury weighs 3408-183 grains (252*458 X 
13 '5— the weight of a cubic inch of water multiplied by the specific gravity 
of the metal), and therefore 30 cubic inches would weigh (3408-138x30) = 
102245*49 grains, or 14*6 pounds avoirdupois. Hence this may be taken 
as the true amount of atmospheric pressure when the barometer is at its 
mean height. A column of w^ater 33 feet in height, or a column of air 45 
miles in height, each having the area of a square inch, would be equal in 
pressure to a column of mercury 30 inches in height. These different heights 
correspond to the respective specific gravities of the liquids. 

The influence of this pressure on the volume of gases may be easily proved. 
Place a light caoutchouc-ball under the receiver of an air-pump and with- 
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draw the air. The ball will increase in size as the air is withdrawn— -the 
air which is confined within the ball acquiring a power of expansion by the 
diminution of pressure. If the mouth of a wide glass jar is well secured 
with a layer of stout caoutchouc, and the jar is placed under the receiver, 
on the removal of the air the membrane will be enormously distended by 
the expansion of air in the jar, and may ultimately burst. Invert in a gas-jar, 
a graduated tube containing water, colored with sulphate of indigo, leaving 
two cubic inches of air at the top. Place this under the receiver. As the 
air is withdrawn the air in the tube will expand, and, when the barometer 
marks 15 inches, it will be found that the two cubic inches will occupy the 
space of four, thus showing that by the removal of half the pressure the air 
has been doubled in volume. This experiment proves that the density of 
the air is in a direct ratio to the compressing force. With the pressure of 
half an atmosphere the volume is doubled, and with a pressure of two atmo- 
spheres it is reduced to one-half. It is the same for all gases and vapors 
(above the boiling point of their liquids), whatever may be their respective 
specific gravities. 

A well-ground receiver, when the air is removed from the interior, is 
pressed with such force to the air-pump plate that it is impossible to move 
it. But this presssure may be made visible by the following experiment. 
Close one end of a stout glass-cylinder four or five inches in diameter, with 
a strong layer of sheet India rubber, and apply the other end, which should 
be well-ground for this purpose, to the plate of the air-pump. As the air 
is gradually withdrawn, the rubber will be pressed downwards, filling the 
interior of the vessel, and it may ultimately burst. If for the rubber we 
substitute a layer of wet bladder, and allow this to dry, on placing the glass 
on the air-pump plate, and rapidly exhausting it, the bladder will be burst 
with a loucl report, as a result of the air rushing into a partial vacuum. 
Owing to the great amount of this pressure, receivers and other vessels 
intended for exhaustion should be made of stout glass, and rounded at the 
top. 

As in all fluids, the pressure is equal in all directions. The pressure 
downwards is proved by the preceding experiments. The force of the pres- 
sure upioards maybe proved by the following simple experiment: Pill a 
well-ground gas-jar, about twelve inches long and three or four inches wide, 
with water. Place over this a square of stout wtI ting-paper, and, pressing 
it firmly to the water, suddenly invert the jar. The heavy column of water 
will be for a time supported by the atmospheric pressure upwards on the 
outer surface of the paper. Make a chemical vacuum by pouring into a 
well-ground jar, containing carbonic acid, a small quantity of a strong solu- 
tion of potash, and cover the jar immediately with plate-glass. On agitating 
the jar the gaseous contents will be removed, and the cover will be firmly 
fixed to the jar by atmospheric pressure. In whatever position the jar may 
be held the cover will remain equally fixed, showing equality of pressure in 
every direction. From the powerful effects thus produced when the air is 
removed from one surface, it may be conceived that nothing could withstand 
this pressure unless it were equal in all directions, and thus completely neu- 
tralized. 

Gomfosition. Eudiometry. — Numerous analyses of the air made by chemists 
of repute, show that the proportions of nitrogen and oxygen are not strictly 
uniform, either for the same place or for different localities. The proportion 
of oxygen varies from 20 to 21 per cent. The amount of oxygen by volume 
is readily determined, by the adoption of apy of the methods for separating 
it described under nitrogen (page 141), provided care is taken to provide for 
this purpose an accurately graduated gas tube and a mercurial bath. Among 
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these, the process described under 5, is preferable to the others. Phospho- 
rus cast in small balls is sometimes used, but unless the vapor of phosphorous 
acid (produced as a result of oxidation) is removed by a ball of potash, 
before the volume of nitrogen is read off, there will be a considerable error in 
the results. Liebig has advised, in place of phosphorus, a ball of papier 
mache, saturated with a concentrated solution of pyrogallate of potassa. The 
absorption takes place slowly but completely, particularly if the ball be once 
renewed. After this absorption, the gas must be dried by a ball of potassa, 
containing as little water as possible.— (Bunsen, Gasometry, p. "TO.) In 
this case the pyrogallate of potassa, and dry potassa, remove the oxygen, 
carbonic aejd and aqueous vapor, leaving nothing but nitrogen. The tem- 
perature should be noted both at the beginning and end of the experiment. 

The ordinary volumetric method of analysis, is based on the admixture of 
a quantity of pure hydrogen with air, and its conversion to water, by any 
of the usual processes, at the expense of the oxygen contained in the air 
under examination. As it is well known that oxygen represents one-third of 
the volume of the combined gases (Water, page 116) the division of the 
loss by 3, will at once give the quantity of oxygen present in the air. The 
air and hydrogen, in about equal proportions are introduced into a graduated 
glass-tube placed over mercury, or into a syphon-tube containing mercury, 
especially constructed for this purpose ; and the gases are then either deto- 
nated by the electric spark, or are slowly combined by means of a ball com- 
posed of spongy platinum and clay, introduced through the mercury into the 
tube. The gases should be allowed to diffuse thoroughly, before any 
attempt is made to combine them. The following experiment on the air of 
London, will illustrate the principle of this operation. The air examined 
amounted to 35 parts by volume. To this quantity 42 parts of hydrogen 
were added. The mixed gases, therefore, amounted to tt parts. A ball of 
spongy platinum was introduced into the mixture, and in two hours, combir 
nation was complete. It was found that only 55 parts of gas remained in 
the graduated tube. The loss, therefore, as watery vapor was ^*7 — 55 = 22 ; 
and one-third of this must have been oxygen. Therefore 22^3 = ^*33 for 
the proportion of oxygen in the 35 measures taken ; and 35 : 7*33 :: 100 : 
20"94 oxygen. Deducting these figures from 100, the air examined had this 
composition in 100 parts: oxygen 20*94; nitrogen 79*06. The use of 
spongy platinum for the combination of the gases, appears to be less liable 
to fallacy, than the detonation of the mixture by the electric spark. Bunsen 
has shown, that unless great precautions are taken, so much nitric acid may 
be formed in the presence of oxygen and hydrogen by the combustion of 
nitrogen, as to lead to a serious fallacy in calculating the amount of oxygen. 
(^Gasom'etry, page 60.) On the other hand, the pyrogallate of potassa, as an 
absorbing liquid, was found to give very accurate results. 

To this kind of analysis the term eudiometry (s^, biov, and jus T-por, measure 
of the purity of the air), has been applied, since the healthiness of localities 
was erroneously supposed to depend on the proportion of oxygen present. 
Eudiometric tubes, finely graduated and connected with bottles containing a 
liquid for the absorption of oxygen, were formerly employed. The air con- 
tained in the tubes was exposed to the endiometric liquid, and the amount of 
absorption was ascertained by opening the bottle under water. A solution 
of sulphide of potassium, or of protosulphate of iron saturated with deut- 
oxide of nitrogen, was formerly used for this purpose. Such methods of 
analysis have been long since abandoned. 

As errors frequently arise in reading and correcting the volumes of gases, 
owing to the variable influence of pressure, temperature, and other causes, 
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chemists have given some attention to the discovery of a method for deter- 
mining the oxygen and nitrogen by iveight^ in one operation. 

This has been successfully accomplished in the analysis of air, performed 
by Dumas and Boussingault. The operation is very simple. Air, deprived 
of its carbonic acid, and aqueous vapor, by causing it to pass through a 
series of tubes, some of which contain concentrated sulphuric acid, and 
others, a saturated solution of po.tassa, is finally made to traverse a balanced 
tube containing metallic copper, heated to redness. It is here entirely 
deprived of its oxygen. By opening a stopcock communicating with a large 
glass globe in a state of vacuum, the deoxidized air, or nitrogen, is collected 
in this vessel, which acts as an aspirator. When filled, the glass globe is 
removed and weighed. It is now brought to a state of vacuum, and again 
weighed. The difference in weight represents the amount of nitrogen, while 
the increase in weight in.' the balanced tube containing the copper, gives the 
amount of oxygen. Allithe other constituents of air, excepting oxygen and 
nitrogen, are excluded by this method of analysis. The results thus obtained 
are in close accordance with those determined by other chemists. Air is 
thus found to be constituted by volume and weight :— 

By Volume. By Weight. 

Oxygen 20*80 23-10 

Nitrogen ....... '79-20 76-90 

Carbonic acid, although in small proportion, is a universal constituent of 
air. It has been found at all elevations at which it has been sought for, 
and may be readily detected by causing a large quantity of air to pass 
through a tube or vessel, containing a solution of lime or baryta ; or by 
simply exposing to the atmosphere, a solution of the alkaline earth in a 
shallow glass dish. A white precipitate, or an incrustation of carbonate of 
lime or baryta, is obtained after some hours. The presence of aqueous vapor 
in the air is known by the deposition of water on the exterior of a glass- 
vessel in which ice has been placed, or by exposing to a current of air, fused 
chloride of calcium in a glass tube. In this case the water is absorbed, 
and the chloride gradually passes to the liquid state. 

Yarious methods have been adopted for the purpose of determining the 
proportions of carbonic acid and aqueous vapor. In reference to the former, 
M. Thenard employed a solution of baryta ; and from the amount of car- 
bonate of baryta, obtained by agitating this liquid with a measured volume 
of air, he concluded that the proportion was about l-2000th part, or one 
cubic inch in two thousand cubic inches of air. The plan more recently 
adopted by Boussingault, Regnault, and other chemists, is based on the 
separation and weighing of carbonic acid and aqueous vapor in one operation. 
By means of a large aspirator, the air is made to traverse a series of balanced 
tubes filled with broken pumice, impregnated with concentrated sulphuric 
acid, and after having been thus deprived of water, the air traverses another 
series of balanced tubes, also filled with pumice strongly impregnated with 
a concentrated solution of potassa. These tubes arrest the carbonic acid. 
Any change of temperature in the contents of the aspirator, during the 
performance of the analysis, is accurately noted. It will be obvious, that 
by repeatedly filling the aspirator any quantity of air may be thus made to 
pass through the balanced tubes, and the first of the series may have a length 
of vulcanized tubing so adjusted to it, as to bring the air from any par- 
ticular spot. After the completion of the experiment, the amount of aqueous 
vapor is known by the increase of weight in the sulphuric acid tubes; and 
the amount of carbonic acid, by the increase in the potassa tubes. Reducing 
these quantities to volumes, and dividing the whole amount of air by the 
volumes, the proportions of both of these constituents maybe determined. 
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The quantity of carbonic acid amounts to from 3'T to 6*2 measures in 
10,000: or on an average about l-2000th part by volume. According to 
Saussure, the proportion varies with the season ; the air in a meadow, in 
August, contained O'OOOTIS ; in January, '0'000479 ; in November, in rainy 
and stormy weather, 0*000425. Dalton estimates the carbonic acid at 0*001 ; 
Configliachi, the maximum at 0*008 ; and Humboldt (probably an excess) 
at 0*005 to 0*018. Saussure and Gay Lussac found the usual proportion of 
carbonic acid in the air from the summit of Mont Blanc, and 4000 feet 
above Paris. Beauvais found scarcely a trace of carbonic acid in the air 
over the sea off Dieppe, but the usual proportion inland. — (L. Gmelin.) 

Carbonic acid is in such small proportion in air, that lime-water indicates 
no trace of its presence in 200 cubic inches contained in a closed bottle. 
In air taken from low and confined situations, as wells and cellars, the car- 
bonic acid may amount to from 3 to 1 per cent. Air suspected to be strongly 
impregnated with this gas, may be thus tested. Fill a long, narrow tube 
with lime-water, and invert it on the water-bath ; pass up through the lime- 
water a few cubic inches of the suspected air. If the carbonic acid is in 
undue proportion, this will be made evident by the lime-water acquiring on 
its surface a milky appearance, owing to the production of carbonate of lime. 
Carbonic acid is stated to be contained in air, in greater proportion in 
summer than in winter — at night, than by day — in cloudy, than in fine 
weather — in dry, than in wet weather; but there is no doubt that the amount 
of this gas, is kept down partly by its great solubility in water and its 
removal by rain ; and partly by vegetation. In the latter case the gas is 
decomposed, and oxygen is set free. The great sources of carbonic acid are 
combustion, respiration, putrefaction, decay, and fermentation. 

The relative quantity of aqueous vapor in the atmosphere, is subject to 
much variation. From the experiments of Saussure, Dalton, and Ure, already 
referred to, it appears that 100 cubic inches of atmospheric air at 51°, are 
capable of retaning 0'35 grains of watery vapor; in this state, the air may 
be considered at its maximum of humidity. It would also appear that all 
gases not condensible by water, take up the same quantity of water when 
placed under similar circumstances, and that it consequently depends, not 
upon the density or composition, but upon the bulk of the gas. From Dal- 
ton^s researches, it may be concluded that the vapor forms an independent 
atmosphere, mixed, but not combined with air. 

The proportion of water diffused as a vapor in a gas, depends upon tem- 
perature, and not upon the pressure of the atmosphere. The higher the 
temperature, and the dryer the atmosphere, the larger the quantity of vapor 
taken up. As it is the same at mean temperature, in all gases, the pro- 
portions have been tabulated, and will be found in the Appendix. The 
quantity by volume contained in air at 52°, is estimated to be 1*42 per cent., 
or about 5 to 12 grains in a cubic foot. In air already saturated with it 
there is no evaporation. The presence of aqueous vapor in air, is not only 
necessary to vegetation, but is indispensable to the respiration of animals. 
Dry air produces an irritative effect on the air passages and lungs. 

Ammonia is known to be a constituent of air, but in very small propor- 
tion. It is detected by passing a large quantity of air through a vessel 
containing hydrochloric acid diluted with water. After operating on a con- 
siderable quantity of air, chloride of platinum is added to the acid liquid, 
which is then evaporated, and the ammonio-chloride of platinum collected, 
dried, and weighed. From this weight the proportion of ammonia in air 
is deduced. M. Graeger found that the quantity was 0-000,000,333 of 
the weight of air. Kemp found a larger proportion, namely, 0*000,003,88, 
and Fresenius 0-000,000,133. Horsford, of the United States, has endea- 
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vored to determine the proportion in America, and has arrived at the con- 
clusion that a million parts of air by weight contain from 1 to 42 parts of 
ammonia, the minimum amount being; found in December, and the maximum 
in August. It is probable that this constituent, although small, may serve 
an important purpose in reference to vegetation. 

The great variation in these results, shows that the proportion of ammo- 
nia cannot be accurately defined. It may be described like some acid vapors, 
as existing only in traces. 

Organic matter is found in the atmosphere, especially in inhabited local- 
ities, or where animal or vegetable matter is undergoing decomposition. It 
is this which gives the foul odor to closely confined rooms, in which many 
persons have breathed without due ventilation. Dr. Angus Smith has 
endeavored to determine the proportion present in air, by noticing how 
many measures of air were required to remove the color from a weak stan- 
dard solution of the permanganate of soda, orpotassa. The larger the 
amount of organic matter, the smaller the quantity of air required to cause 
the permanganate to lose its characteristic pink color. He has called this 
instrument the sepometer. He states that he has found a considerable dif- 
ference in the results of experiments on the air of towns, of the country, 
and of the sea-coast. The state of ventilation in a room can, according to 
him, be determined by it, and it has enabled him to register degrees of 
impurity in air, which could not be detected by the smell. 

He found that equal quantities of a standard solution of the alkaline per- 
manganate were decolorized by 22 measures of air, from the high ground 
of Lancashire-— by 9 from an open street in Manchester — by 5*5 from some 
small houses on the Medlock — by 2 from a close carriage of passengers, and 
by 1 from the back yard of a house in a low and ill-ventilated neighborhood. 

The results of his experiments show that on some of the Swiss lakes, 
and on the German Ocean, sixty miles from land, the sepometer indicated, 
in the air, but a small amount of organic matter, or of matter capable of 
decolorizing the test solution. The maximum effects were produced by air 
from a house kept close, and from a pigstye recently uncovered. 

The operation of the permanganate, clearly depends on the oxidation of 
organic matter, probably as a result of the ozone associated with this salt 
(page 103). There can be no doubt that organic matter possesses the 
property here ascribed to it, and that in localities where ozone is least to be 
detected in air, the largest amount of permanganate will be deprived of its 
color. At the same time, the results are open to the objection that sul- 
phurous acid, sulphuretted hydrogen, and other deoxidizing compounds, 
will equally discharge the color of an alkaline permanganate, whether organic 
matter is or is not present. Hence provision should be made for the removal 
of these agents before the air is submitted to this method of testing. 

The composition of the air, excluding ammonia, organic matter, and other 
casual constituents, may be thus stated, for 1000 and 100 parts by volume 
respectively :— 

Oxygen .... 
Nitrogen ... 
Aqueous vapor .... 
Carbonic acid .... 

1000-0 ' 100-00 

The air, not a chemical compound. — The proportions of oxygen and nitro- 
gen nearly approach to 1 vol. or 2 eq. of oxygen, and 4 vol. or eq. of nitrogen. 
This ratio, however would give a percentage of 20 of oxygen to 80 of nitrogen, 



In 1000 vols. 


In 100 vols. 


. 208-0 


20-80 


. 777-0 


77-70 


. 14-6 


1-46 


0.4 


0.04 



152 AIR. UNIFORIVpTY OF COMPOSITION. 

proportions that are never found. The gases are therefore not combined 
in equivalents, either by weight or volume. As an additional proof that the 
air is a mere mixture, the following experiments may be adduced. Remove 
the oxygen from ajar of air by phosphorus or iron-filings, and then restore 
the loss by an addition of pure oxygen. The gases will diffuse or enter 
into mixture without any of the phenomena that accompany chemical union, 
and a candle will burn in this mixture, as it does in air. There is no 
alteration in volume, no evolution of heat or light, and the specific gravity, 
magnetism, refractive power, and solubility in water, of this mixture, cor- 
respond to the mean specific gravity, and other properties of the constituents. 
The solvent power of water is such as would, be exercised upon a mixture, 
and not upon a chemical compound of the two gases. Thus oxygen is 
dissolved in larger proportion than nitrogen, and the difference nearly cor- 
responds to the difference existing in the solubility of the two gases, in their 
separate states. Thus, according to Regnault, of 100 parts of air dissolved 
by water, the oxygen is to the nitrogen as 32 to 68, instead of 208 to 19*2 ; 
while the solubility of each gas gives a calculated proportion of 3 1*5 to 
68-5. Thus:— 

Calculated Actual 

Soluliility. Solubility. Solubility. 

Oxygen . , , 0-046 (J) = 0-0092 or 31-5 32 

Nitrogen . . . 0.025 (|) = 0-0200 or 68-5 68 

Air in water 100. 100. 

Lastly, metals and metalloids act upon air in the same manner as if the 
gases were free. Potassium, sodium, lead in the melted state, phosphorus, 
and deutoxide of nitrogen, take the oxygen of air, just as they take oxygen 
in the free or uncombined state. 

It has been supposed that the comparative uniformity of composition in 
all parts of the globe, and at all elevations above the sea, could only admit 
of explanation on the theory that the two gases were chemically combined. 
The laws of diffusion, however, sufficiently account for the uniformity of 
mixture (page '79), while at the same time, the ascertained differences in the 
proportions of oxygen and nitrogen are not reconcilable with the theory of 
their being chemically united. Taking the proportion of oxygen by weight 
elsewhere given (page 149), namely, 23*1 parts in 100, the following are 
comparative results .of the analysis of air in different localities :— 

Wt. ofO. Wt. ofO. 

per cent. per cent. 

Paris (April to Sept. 1841) . 23-07 Guadaloupe (W. I.) . . 22-97 

" another observation . 23-13 Copeahagen . . . 23-01 

Bern (Switzerland) . . 22-95 Elsinore . . . . 23-03 

Faulliorn (18,800 feet) . 22-98 German Ocean . . . 22-86 

Other comparisons may be instituted in reference to its composition by 
volume. Assuming the average proportion of oxygen by volume to be 20*80, 
the following results have been obtained :— . 





Vol. of 0, 




Vol. of 




per cent. 




per cent. 


Paris . . 


20-93 


Mont Blanc (6000 feet) 


20.20 


London level of sea 


20-92 


" summit (16,000 feet) 


20-96 


" 18,000 feet elevation 


20-88 


Simplon (6000 feet) . 


19-98 


Heidelberg .... 


20-95 


Wangen Alp (4000 feet) 


20-45 


Berlin 


20-90 


Aerial ascent (9000 feet) 


20-70 


Madrid 


20-91 


In Manchester, . 


20-88 


Geneva .... 


20-90 


In open places , • . • 


21-10 


Lyons 


20-91 


In open country . 


21-00 


Helvelljn (3000 feet) . 


20-58 


In crowded rooms 


20-42 


Snowdon (3570 feet) ■ . 


20-65 


Polar sea .... 


20-85 
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During the period of about fifty years, within which accurate analyses of 
the atmosphere have been made, there has been no greater difference in the 
proportions of its constituents, than that which is above shown to exist 
between any two localities at the present time. There has been no apparent 
diminution in the amount of oxygen and nitrogen. 

2\stsfor Air. — These are necessarily included in the tests for oxygen and 
nitrogen. The presence of nitrogen so affects the combustion of bodies in 
air, that the burning of a candle furnishes a good test of the atmospheric 
mixture. The red acid vapor produced by adding to air, deutoxide of nitro- 
gen, and the entire removal of oxygen by the pyrogallate of potassa, with the 
negative properties of the residuary gas, nitrogen, are sufficient to identify 
the mixture under all circumstances. 



CHAPTER XIII. 

COMPOUNDS OF NITROGEN AND OXYGEN. NITRIC ACID. 

There are five compounds of nitrogen and oxygen— two neutral gases 
and three acids. In these compounds the equivalents of oxygen undergo a 
regular arithmetical increase. 

They are as follow :— . 

Neutral. Acid. 

Protoxide NO Hyponitrous acid NO3 

Deutoxide NOg Nitrous acid NO^ 

Nitric acid NO5 

1. Protoxide of Nitrogen.— iWV?'6>M5 Oxide (NO).— This gaseous com- 
pound was discovered by Priestley in 11^6 : but its properties were not fully 
known until after the researches of Davy in 1800'. 

Preparation. — The gas may be procured by heating in a glass retort the 
crystals of pure nitrate of ammonia. The temperature should not exceed 
400*^, and the salt, which speedily melts, should be kept in a state of gentle 
ebullition. The gas, being very soluble in water, in order to prevent loss, 
should be collected in a water-bath, containing tepid water. In this case, 
however, it always becomes mixed with much air on cooling. The salt is 
entirely resolved into water and protoxide (NH3,HO,N05,==2NO + 4HO). 
One ounce of the nitrate w4il give 600 cubic inches, or nearly two gallons 
of the gas. 

If, during the process, the liquefied salt should be overheated, the gas 
comes over with explosive violence, sometimes breaking the retort, or leading 
to the production of nitrogen as well as deutoxide, and thereby rendering it 
impure. The production of copious white vapors in the retort is a sign 
that the proper heat has been exceeded. If the nitrate contains hydro- 
chlorate of ammonia chlorine will be evolved, and impart to the gas its. pecu- 
liar odor as well as bleaching properties. The presence of hydrochlorate in 
the nitrate of ammonia may be known by the solution of this salt giving a 
white precipitate with a solution of nitrate of silver. If any deutoxide of 
nitrogen is mixed with the gas, this may be detected by the production of 
red acid fumes on exposing the gas to the air, or by the dark color imparted 
to a fresh solution of protosulphate of iron when added to a jar of the gas. 
If the protoxide is intended for respiration, it is necessary, in the first in- 
stance, to test it for these noxious impurities. It may be deprived of any 



154 PROTOXIDE OE NITROGEN. 

traces of chlorine and deutoxide by passing it through a solution of potassa 
before collecting it. 

Proferties. — Protoxide of nitrogen is not a permanently elastic gas. It 
may be liquefied by great pressure (p. 14). The liquid protoxide mixed 
with sulphide of carbon produces, by rapid evaporation, the greatest degree 
of cold yet obsei^ved ; namely, 220^ below the zero of Fahrenheit (p. 14). 
The gas itself is solidified at about ISO"^ below zero. The cold produced 
h^ the evaporation of the liquid protoxide, placed in vacuo, is sufficient to 
solidify it ; under atmospheric pressure it evaporates slowly. Liquid mer- 
cury sinks in it and is instantly frozen to a solid. A piece of red-hot char- 
coal will at the same time float on it, and burn brilliantly wherever it touches 
the liquid. The gas is colorless ; it has a slight odor and a sweet taste. It 
is soluble in water, and this solubility leads to a great loss of the gas when 
it is allowed to stand in contact with water. Cold water will dissolve about 
its own volume, but the gas will be again given out on boiling the solution. 
Its admixture with air may thus be known, as the gas should be entirely 
removed by its volume of water. It is quite neutral when pure ; it neither 
reddens nor bleaches litmus. 

As it contains half its volume of oxygen it possesses some of the proper- 
ties of that gas, modified, however, by the presence of nitrogen. Thus it 
supports combustion. A taper burns in it vividly, and is rapidly consumed. 
Like oxygen, it kindles into flame a glowing wick, a glowing piece of wood 
or ignited nitre-paper. Sulphide of carbon or ether inflamed on tow, and 
introduced into this gas, burns with great splendor. In these cases there is 
a halo of a peculiar reddish color around the flames, arising probably from 
the combustion or incandescence of nitrogen at a high temperature. Sulphur 
and phosphorus require to be strongly heated before they will burn in this 
gas. Iron does not burn in it, and charcoal only glows in it when intensely 
heated, producing carbonic acid. It differs from oxygen — 1st, in its great 
solubility in water ; and 2d, when free from air, in the fact that it produces 
no red fumes when the deutoxide of nitrogen is added to it. This gas is a 
narcotic poison, and, when breathed, rapidly destroys the life of an animal. 
It may, however, be taken by a human being in limited quantity ; and if the 
lungs be emptied before it is inhaled, it rapidly causes a peculiar species of 
intoxication, manifested at first by unsteadiness of gait, and subsequently by 
violent muscular exertion. There is a brilliant flow of ideas, with, generally 
speaking, a great disposition to pugnacity. From the pleasing kind of deli- 
rium which it produces it has been called "the laughing or paradise gas." 
When breathed, it is rapidly absorbed into the blood, and produces a great 
change in that fluid— manifested by a dark-purple color of the lips, and by 
a livid or pallid appearance of the face. Some have fallen down at once 
powerless, but the greater number are thrown into a state of violent excite- 
ment, running swiftly from the spot and scattering everything before them. 
Some dance, others sing, and some make speeches of an incoherent kind, 
evidently under the impression that they are masters of elocution. An in- 
stance is referred to by Sir David Brewster, in which the effects were mani- 
fested by an uncommon disposition for pleasantry and mirth, and by extra- 
ordinary muscular power, in a person of gloomy mind. The effects continued 
in a greater or less degree for more than a week. In general the exhilarating 
effects pass off in from five to ten minutes, and, with the exception of some 
prostration of strength and slight headache, no injurious symptoms have 
followed. It is right to state, however, that in certain cases, probably from 
idiosyncrasy, the respiration of the gas has been attended with severe head- 
ache, giddiness, double vision, and even some delirium, with a feeling of 
weakness from exhaustion lasting for several days. It is not to be regarded 
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as an ansesthetic, like chloroform or etber-vapor. It is a powerful excitant 
and stimulant to the nervous system. 

Composition.— -Ax, a full red-heat this gas is decomposed, and two volumes 
of it are resolved into two volumes of nitrogen and one volume of oxygen, 
so that it acquires an increase of bulk. The analysis of the gas may be 
effected by detonation with hydrogen. When a mixture of one volume of 
the protoxide and one volume of hydrogen is fired by the electric spark, 
water is produced, and one volume of nitrogen remains (NO + H=HO + N)' 
Now, as one volume of hydrogen takes half a volume of oxygen to form 
water, the protoxide must consist of one volume or equivalent of nitrogen 
and half a volume or an equivalent of oxygen ; these being so condensed, in 
consequence of chemical union, as only to fill the space of one volume. The 
decomposition of one volume of the gas, by heating in it the metal potas- 
sium, gives the same results. One volume of nitrogen is left as a residue. 

Atoms. Equiv. Percent. Vol. Sp.Gr. 

Nitrogen « « , . 1 = 14 ... 63-6 ... 1-0 ... 0-97 
Oxygen . . . .1=8... 36-4 ... 0*5 ... 0-55 

Protoxide of Nitrogen . 1 22 100-0 1*0 1*52 

The specific gravity and equivalent of this gas are the same as those of 
carbonic acid. One hundred cubic inches of it weigh 4'7'08 grains. It is, 
therefore, half again as heavy as the atmosphere. If a lighted taper be 
placed at the bottom of a tall jar of air, the gas may be poured into this jar, 
and the fact that it falls to the bottom, will be indicated by the increased 
brilliancy in the combustion of the taper. If a tall jar containing the gas, 
be left uncovered for some time, it will be found, by occasionally introducing 
a taper with a glowing wick, that this will be kindled into flame, proving 
that, by reason of its density, the gas still remains there. So if ignited 
nitre-paper be brought over a jar of the gas, the smoke, instead of suddenly 
falling through it as through air, will float in the form of a dense cloud on 
the top of the gas. 

This gas enters into no combinations which call for remark. It has been 
artificially produced by the slow deoxidation of nitric acid, as where one 
part of nitric acid is diluted with from 12 to 16 parts of water, and some 
granulated zinc is added to the liquid. 

Tests. — The properties already described are sufficient for its identification. 
It is known from all other gases, excepting oxygen, by its effects on com- 
bustible bodies, and from oxygen by the negative action of deutoxide of 
nitrogen. ' 

Deutoxide of Nitrogen {^O^.—Binoxide of Nitrogen. Nitric Oxide. 
Nitrous Gas.—'Th.i^ gas was first accurately described by Priestley in 1172. 
It may be procured by putting some copper-filings or clippings into a gas- 
bottle with nitric acid diluted with two or three parts of water j the acid is 
decomposed, red fumes are produced, and there is a copious evolution of the 
gas, which may be collected and preserved over water. In this mode of 
obtaining the gas, 3 atoms of copper and 4 of nitric acid produce 3 of nitrate 
of copper and 1 of nitric oxide, 4N0,-f 3Cu==3[CuO,NOJ+N03. The 
first portions should be rejected, as containing nitrogen and nitrous acid 
vapor. The latter being soluble in water is speedily removed. 

Properties. — .^he deutoxide of nitrogen is a colorless, neutral, unliquefiable 
gas ; its specific gravity compared to hydrogen is as 15 to 1. 100 cubic 
inches weigh 32*10 grains ; and, compared with air, its specific gravity is as 
1*0365 to 1000. Under common circumstances, it is permanent over water; 
but if agitated with water previously deprived of air by long boiling, it is 
dissolved in the proportion of about 1 volume to 20. This solution, when 
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long kept, is found to contain nitrate of ammonia, resulting from the joint 
decomposition of the deutoxide and the water. 

It is rapidly fatal to animals ; but as it will always meet with a sufficiency 
of oxygen in the lungs, to convert a part of it into nitrous acid, the noxious 
effects observed, may have depended on this acid. When the gas has been 
well washed with water, it is not acid, a fact which may be proved by the 
color of litmus remaining unchanged by it. The experiment may be thus 
performed : After having washed the jar (which should contain no water), 
and the plate which confines the gas, introduce it into a basin of blue litmus, 
and withdraw the cover. The gas iliay thus remain in the litmus without 
altering the blue color ; but when the jar is raised out of the liquid, so as to 
admit a portion of air, red acid fumes are produced, and upon again plunging 
it into the litmus, the liquor will be reddened and the acid vapors absorbed. 
The red fumes which are formed when the gas is exposed to air, are those of 
nitrous acid (N02+20=]Si04). They have a peculiar suffocating odor, and 
are highly irritating and corrosive. Care should be taken that they are not 
breathed, even in a diluted state. 

The gas extinguishes the flame of a taper, ignited camphor, and sulphur. 
Phosphorus readily burns in it if introduced in intense ignition; but it is 
extinguished unless in vivid combustion, and it may be touched with a hot 
wire in the gas, without taking fire. Boiling phosphorus decomposes the 
gas, nitroscen is evolved, and phosphoric acid is formed. 

If dry nitre-paper is ignited and suddenly plunged into this gas, it will 
continue to glow, chiefly at the expense of the oxygen of the nitrous acid, 
produced when the jar is uncovered. It is remarkable that this gas should 
not support the combustion of a taper, since it contains in equal volumes, 
as much oxygen as the protoxide, and only half the quantity of nitrogen. If 
mixed with the protoxide, it will readily support combustion. Potassium and 
sodium, when heated to ignition in air, burn in this gas with great splendor : 
sodium burns with a light which rivals that of phosphorus. It is decomposed 
when passed over charcoal at a red heat — carbonic acid is formed and nitro- 
gen is set free, N034-C=N-f CO3, but neither charcoal nor sulphur will burn 
in this gas. If introduced in a state of ignition they are extinguished, but 
the vapor of sulphide of carbon mixed with the deutoxide and ignited, com- 
pletely decomposes it with the evolution of the most intense light, and the 
production of carbonic and sulphurous acid, at the expense of its oxygen, 
(3N02H-CS3=2S02+C02+3N). For the performance of this experiment, we 
may employ a stout jar, holding 200 cubic inches of deutoxide. About a 
drachm of the sulphide should be poured into the jar, which should be agitated, 
in order to promote the diffusion or the vapor before the mixture is ignited. 

Deutoxide of nitrogen is not altered by a low red heat, but it is decom- 
posed when passed and repassed through small tubes heated to bright 
redness, especially if the heated surface is increased by filling the tubes with 
fragments of rock crystal, or by the introduction of platinum wire. It does 
not detonate when mixed with two volumes of hydrogen, and subjected to 
the electric spark •, a succession of sparks, however, passed through such a 
mixture, slowly effects the decomposition of a portion. The pure gas is 
itself partially decomposed by a succession of sparks into nitric acid and 
nitrogen. When mixed in equal volumes with hydrogen, and the mixture is 
kindled, it burns with a greenish-white flame and a reddish-colored halo : 
but there is no explosion. Water is produced and nitrogen is set free 
(N03+2II=2HO + N). When a mixture of 2 volumes of this oxide and 
5 of hydrogen are passed through a tube containing spongy platinum, and 
after the expulsion of the air, the tube is heated, the platinum becomes 
ignited, and water and ammonia are formed (N03, + 5H=NH3,2HO). An 
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inflamed jet of hydrogen is extinguished in the gas. Some substances which 
have a strong attraction for oxygen, effect a partial decomposition of the 
deutoxide, and convert it, at common temperatures, into the protoxide of 
nitrogen ; such, for instance, as moist iron-filings, some of the alkaline 
sulphides, some of the sulphites, and protochloride of tin ; in these cases 
two volumes of the deutoxide produce one of the protoxide. Deutoxide of 
nitrogen may also be decomposed, at high temperatures, by the action of 
some of the metals which absorb its oxygen. Sir H. Davy decomposed it 
by heated arsenic and by the ignition of charcoal. {Elements^ 260.) Gay- 
Lussac decomposed 100 measures of it by the action of heated potassium : 
50 measures of pure nitrogen remained, and the loss of weight corresponded 
to 50 measures of oxygen ; so that two volumes of the gas are resolved into 
one volume of oxygen and one volume of nitrogen. Similar results have 
been obtained by passing the gas over copper turnings heated to redness in 
a tube. The deutoxide then is constituted of one volume of nitrogen and 
one volume of oxygen, combined without change of volume ; and its atomic 
constitution as well as its specific gravity may be thus represented : — 

Atoms. Eqii. Per cent. Yols. Sp. Gr. 

Nitrogen . . . . 1 = 14 ... 46-67 ... 1 ... 0-4837 
Oxygen . . . , 2 = 16 ... 53-33 ... 1 ... 0-5528 

Deutoxide . . . 1 = 30 100-00 2 1-0365 

Plucker has submitted this gas to spectral analysis, in a quantity so 
small as to be scarcely recognizable by the most sensitive balance. The 
red band of nitrogen was obtained in great splendor, and near to it was a 
bright band derived from the oxygen ; but the latter was gradually extin- 
guished. A similar result was obtained with protoxide of nitrogen. 

The most characteristic chemical property of this gas, by which it is 
immediately distinguished from all other gases, is that of forming red fumes, 
chiefly of nitrous acid vapor, when mixed with air or oxygen (N03 4-20= 
NOJ ; hence these gases are mutually used to detect each other's presence. 
As nitrous acid is absorbed by water, oxygen may be abstracted from any 
gaseous mixture containing it by the addition of a sufficient quantity of the 
deutoxide ; and, on the other hand, the deutoxide may be removed by the 
addition of oxygen. 

Solutions of the protochloride and protosulphate of iron dissolve this 
gas, forming a deep greenish-black liquid, having, in reference to the sulphate, 
the following composition, (4FeO,S03) + N03. These solutions speedily 
absorb oxygen when exposed to, or agitated with air, or other mixtures con- 
taining it. {Bee page 148.) This property enables us to ascertain the 
purity of the deutoxide, which ought wholly to be absorbed by the solution 
of iron : some nitrogen or protoxide is thus generally detected in it, by its 
remaining unabsorbed. According to Peligot {^Ann. Ch. et Ph. 54.17,) the 
proportion of the gas absorbed by protosulphate of iron is definite, and in 
the ratio of one equivalent to 4 of the protoxide of iron, in accordance with 
the formula above given. By exposure to a vacuum the gas escapes, and 
the salt of iron remains unaltered ; but when heated, a part only of the gas 
is evolved, and a part is decomposed, while peroxide of iron and ammonia 
are formed. When this solution is exposed to air or oxygen, nitric acid is 
ultimately produced. 

When the deutoxide is perfectly dry, chlorine exerts no action upon it, but 
the presence of water causes an immediate change ; it is decomposed, and, 
furnishing oxygen to the nitric oxide, and hydrogen to the chlorine, hyponi- 
trous and hydrochloric acids are generated. It was the presence of water 
which misled those who thought that the red fumes produced by mixing 
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dentoxide and chlorine over water, resulted from the existence of oxygen in 
chlorine. These may, however, arise from the presence of air as impurity 
in the chlorine. 

Tests.— -This gas is known by the red acid fumes which it produces when 
brought in contact with air, and by its entire solubility in a solution of 
protosulphate of iron. 

Hypo NITROUS Acid (NO3). — -Azotous Acid, Nitrous J-c/c?.— This com- 
pound is generally designated by continental chemists, Nitrous acid. Gay- 
Lussac found by mixing deutoxide of nitrogen and oxygen in tubes standing 
over mercury, and containing a little concentrated solution of potassa, that 
400 volumes of deutoxide were condensed under such circumstances by 100 
of oxygen. When, however, he attempted to decompose the hyponitrite of 
potassa thus obtained, nitric oxide was evolved, and nitrous acid formed. 
D along obtaine,d hyponitrous acid (mixed with nitrous acid) by passing a 
mixture of 1 measure of oxygen with somewhat more than 4 of deutoxide, 
first through a tube filled with fragments of porcelain to insure perfect mix- 
ture, and afterwards through a bent tube, cooled below 0^. The acid col- 
lected in the tube was a dark-green fluid, more volatile than nitrous acid, and 
when distilled leaving a yellow liquid, which appeared to be nitrous acid. 
Liebig obtained hyponitrous acid by heating 1 part of starch in 8 of nitric 
acid, sp. gr. 1'25, and conducting the evolved gases first through a tube filled 
with fragments of chloride of calcium, and then into a tube cooled down to 
QO ; a very volatile liquid was thus condensed, colorless at 10°, but green at 
common temperatures. According to Fritzsche, hyponitrous acid may be 
obtained by gradually adding, by means of a tube drawn out to a fine point, 
45 parts of water (5 atoms) to 92 parts of nitrous acid (2 atoms) cooled 
down to 0^, and distilling into a receiver, surrounded by a freezing mixture, 
until the boiling-point rises to 82°.. The product is of an indigo-blue color. 
Its vapor is orange-colored, and its boiling point below 82^ ; but when dis- 
tilled, it is partially decomposed into deutoxide and nitrous acid. It is very 
doubtful whether, by any of these processes, the acid has been yet obtained 
in an absolutely pure state. It appears to be generally mixed with nitrous 
or nitric acid. Its instability is so great, that it is decomposed by water 
(3NOg=N05+2N02) into nitric acid and deutoxide. It is better known in 
combination with bases, and its composition has been determined by the 
analysis of its compound with silver. It consists of :— 

Atoms. Equiv. Yolumes. Yolumes. 

Nitrogen . . . 1 ... 14 ... 36-8 1 or 2 1 __ Deutoxide 4 
Oxygen . . . 3 ... 24 ... 63-2 1 J or 3 ) ~" Oxygen 1 

Hyponitrous acid . 1 38 100-0 

Hyponitrites {Nitrites). — -When nitrate of potassa, or nitrate of baryta is 
strongly heated, the acid loses two atoms of oxygen, and a hyponitrite of the 
base is formed: KO,N05=KO,N03 + 20. When properly prepared, a small 
portion of the fused residue, will give a dense white precipitate, with a solu- 
tion of nitrate of silver. If the salt has been overheated, the precipitate will 
be brown. Hyponitrite of potassa thus obtained, is a white deliquescent salt, 
very soluble in water and alcohol. By its solubility in alcohol, it may be 
separated from any undecomposed nitrate. The white precipitate which it 
produces with nitrate of silver, is soluble in nitric acid as well as in a large 
quantity of water. It may be obtained in crystals from a hot saturated solu- 
tion. By double decomposition with the chloride of any alkaline metal, other 
hyponitrites may be obtained. It is impossible to procure hyponitrous acid 
in a free state from these salts. When an acid is added to a hyponitrite, 
deutoxide of nitrogen escapes, and a nitrate is formed (3KO,N03-f 2S03= 
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KO,N05+2]Sr03+2KO,S03). If an acid solution of a hyponitrite is warmed, 
it becomes a powerful deoxidizer ; thus it discharges the pink color of the 
permanganate of potassa, peroxide of manganese being formed. From a so- 
lution of chloride of gold, the metal is precipitated ; the color of a solution 
of indigo is discharged by it, and a solution of protosulphate of iron acquires 
a deep greenish-black color. The hyponitrites are thus easily distinguished 
from the nitrates, by the action of acids, and by their reducing agency on 
solutions of gold and permanganate of potassa. Some of the hyponitrites 
may be produced by the action of deutoxide of nitrogen on the respective 
alkaline liquids. Thus when this gas is kept for some weeks in contact with 
a strong solution of potassa, it is converted into protoxide, and the potassa- 
solution yields on evaporation a hyponitrite (2N0a+K0=K0,N0g+]Si0). 
It was this reaction which led Gay-Lussac to the discovery of the acid. 100 
volumes of deutoxide left 25 of protoxide : the acid, therefore, which was ab- 
sorbed, consisted of 100 volumes of nitrogen and 150 of oxygen. Accord- 
ing to Berzelius, several of the hyponitrites are best obtained by boiling 
metallic lead in a solution of nitrate of lead, by which 21, hyponitrite of lead 
is formed : this salt may then be decomposed by sulphates, which form sul- 
phate of lead, and the hyponitrous acid unites to the base of the original 
sulphate. Mitscherlich prepares the hyponitrites by the mutual action of 
soluble chlorides and hyponitrite of silver. {See Silver.) 
" Nitrous Acid Q^O^.—^Hyponitric Acid. Hypoazotic Acid, Peroxide 
of Nitrogen. — When 2 volumes of deutoxide of nitrogen and 1 volume of 
oxygen, dried by potash, are mixed in an exhausted glass vessel, the gases 
combine with the evolution of heat consequent upon their mutual condensa- 
tion, and form nitrous acid vapor, which is condensable into a nearly color- 
less liquid at 0^, and crystallizes at a somewhat lower temperature. The 
specific gravity of this liquid is 1*45 ; at 32° it is -of a pale yellow color ; but 
at 60^ deep orange : it boils at 82° (Gay-Lussac) ; and when exposed to the 
air at common temperature, gradually evaporates in orange-red fumes. 
When a mixture of the gases, in the above proportions, is propelled throngh 
a tube cooled to 20°, the liquid acid is at once obtained ; but at 16° it crys- 
tallizes in prisms. If the gases be mixed over water, hyponitrous acid and 
nitric acid are formed at low temperatures, (2N04=N03+N05); and at 
higher temperatures nitric acid and deutoxide are the results (8N04=2iSiOs 
+ NO3). The product of the distillation of dry nitrate of lead appears to be 
nitrous acid, nearly, if not quite, pure and anhydrous (PbO,]N05=N04+ 
PbO + 0). The powdered nitrate, previously well dried, should be put into 
a small retort, with the beak drawn out, and introduced into a small tube 
receiver, which should be immersed in a freezing mixture. A strong heat is 
required for the distillation, and when a sufficient quantity of the liquid acid 
has been collected, the tube may be sealed by applying the flame of a spirit- 
lamp to theelongated neck. It can only be preserved in sealed tubes. 

Properties. — Nitric acid vapor supports the combustion of phosphorus 
and of charcoal, but extinguishes burning sulphur. These experiments may 
be performed on the vapor procured by passing a jet of oxygen into a jar, or 
bell-glass, filled with deutoxide of nitrogen, until the mixture acquires an 
orange-red color. A lighted taper, as well as ignited nitre-paper, glow in 
this vapor, and continue to burn. The oxidizing properties of the acid 
vapor, and its power of destroying foul effluvia, may be shown by inverting 
over a jar of it, another containing sulphuretted hydrogen gas. The sulphur 
is separated with evolution of great heat (N04-|-2HS=IS[03-|-2E[0-{-2S). 
A Solution of iodide of potassium is instantly decomposed by it, and the 
iodine set free. A diluted solution of permanganate of potassa has its pink 
color discharged by it as a result of deoxidation. 
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Its color, like that of the liquid acid^ varies with the temperature, becoming 
darker when heated, and paler when cooled ; it has a. peculiar suffocating 
odor, which strongly adheres to the hair and to woollen clothing. The 
anhydrous liquid has no acid properties, and does not apparently unite with 
bases, but forms with them hyponitrites and nitrates (2N04-f2KO=KO,N05 
-f-KOyjS^Og) ; hence it has been regarded as a peroxide of nitrogen, or a 
compound of hyponitrous and nitric acids (2jSr04=N03+N05). When 
passed over baryta or other bases, at a temperature of between 300*^ and 
400°, it is rapidly absorbed with the evolution of heat, and the products are 
a nitrate and a hyponitrite. (GtAY-Lussac, Ann, Gh. et Ph. 1.) 

Nitrous acid vapor is constituted of 1 volume of nitrogen, and 2 volumes 
of oxygen, condensed into 2 volumes, or, as above stated, 2 volumes of 
nitric oxide, and 1 volume of oxygen (N02-|-20=]Sr04). Its specific gravity, 
therefore, to hydrogen, will be as 46 to 1 ; to air, as 1-589 to 1. It is 
actually found to be 1*7. It is constituted of :— 

Atoms. Eciu. Per cent. Yols. Sp. Gr. 

Nitrogen, . . . 1 ... 14 ... 30-4 ... 0-5 ... 0-4837 
Oxygen . . . . 4 ... 32 ... 69-6 ... 1-0 ... 1-1057 

Nitrous acid . . . 1 46 100.0 1- 1-5894^ 

Nitrous acid is not decomposed by a red heat, but it is a powerful oxidizer, 
and parts with its oxygen readily to sulphur, phosphorus, and the metals. 
When the acid vapor is passed over metallic copper heated to redness, it 
gives up its oxygen, and nitrogen escapes. By this process, its composition 
has been accurately determined. The acid is decomposed by water, when 
this liquid is in large proportion, nitric acid being dissolved and deutoxide 
of nitrogen escaping (3N04+2HO=K02+N05,HO). When the quantity 
of water is small, although the same products result, the nitric acid holds 
the nitrous acid dissolved, and acquires, according to its specific gravity, a 
variety of colors. Nitric acid of a high specific gravity appears to be the 
proper solvent of this compound. Thus when saturated with it, nitric acid 
of a specific gravity of 1*510 is of a deep orange color, at 1*410 {aquafortis 
of commerce), yellow, at 1'320 greenish-blue, at 1*150 colorless. In the 
latter case, the quantity of water is so great as to decompose the nitrous acid 
in solution, and to transform it into colorless nitric acid. 

Although this acid does not combine directly with alkaline bases, it forms 
a series of remarkable compounds with organic bases. M. Martin's researches 
have shown that the varieties of gun-cotton, or pyroxyiine, are compounds 
of nitrous (hyponitric) acid, with this substance as a base. The fulminating 
compound contains 5 equivalents of the acid, while the photographic cotton 
contains 4. The compound with 3 equivalents of the acid is of a pulveru- 
lent nature, and when dissolved in alcoholic ether, leaves an opaline residue 
on evaporation ; while another compound with 2 equivalents of acid is known 
by its solubility in water. (Cosmos, Juin 28, 1861, p. 769.) The large 
amount of oxygen contained in this acid, accounts for the great combusti- 
bility of the first of these compounds. 

Nitric Acid (NOg).- — Azotic Acid, and in its monohydrated state, 
H0,N05, or HjNOg. The composition of this acid was first demonstrated 
by Cavendish, in 1785. He produced it by passing a succession of electric 
sparks through a mixture of 7 volumes of oxygen and 3 of nitrogen. This 
result has been verified by Faraday {Experimental Researches, 3d series, § 
324), in reference to the appearance of minute quantities of nitric acid^ in 
the rain of thunderstorms. Nitric acid is also formed when deutoxide of 
nitrogen is slowly added to an excess of oxygen gas, over water. In this 
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way 4 volumes of deutoxide of nitrogen are condensed, and they combine 
with 3 volumes of oxygen. 

Anhydrous Nitric Acid (NO5) was discovered by Deville, in 1849. — {Ann. 
Gil. et Ph., 3me Ser. vol. 28, p. 241.) He obtained it by passing dry chlo- 
rine over dry nitrate of silver, placed in a TJ-tube, and heated to 303°, which 
temperature is lowered, as soon as the action commences, to between 136° 
and 154°. The products are chloride of silver, oxygen, and anhydrous 
nitric acid (AgO,N05+Cl=]Sr05+*AgCl+0). Some nitrous acid is at first 
evolved, but at the lower temperature, crystalline anhydrous nitric acid is 
separated, and may be condensed in a vsecond tube, surrounded by ice. 
There are many precautions requisite to insure the success of the operation ; 
no organic matter, such as cork, &c., should be used in the apparatus. 

Anhydrous nitric acid crystallizes in colorless rhombic prisms. The crys- 
tals fuse at about 85^: and the liquid boils and is decomposed at 113^. 
They dissolve in water, producing great heat, but no gas is disengaged. 
The crystals, like those of other anhydrous acids, have no acid reaction until 
dissolved {see page 41). They are liable to be decomposed with explosion 
at the common temperature, being suddenly converted into oxygen and 
nitrous acid. 

Hydrated Nitrio Acid. — Preparation. — (B[0,]SrO,5) is usually obtained by 
the distillation of purified nitre with sulphuric acid. The nitric acid of com- 
merce, which is generally red and fuming, in consequence of the presence of 
nitrous acid, is procured by the distillation of 2 parts of nitre with 1 of sul- 
phuric acid ; these proportions yield about 1 part of orange-colored nitric 
acid of the specific gravity of 1*48. Some manufacturers employ 3 parts 
of nitre and 2 sulphuric acid, and the London Pharmacopoeia directs equal 
weights, by which nearly a colorless nitric acid is afforded, provided the 
distillation is conducted at as low a temperature as possible. Nitrate of 
soda being cheaper than nitrate of potash, is frequently resorted to as a 
source of nitric acid. As nitre generally contains a little sea salt, the first 
portions of acids which come over are impure, containing chlorine and 
nitrous acid, but they serve to wash quite clean the neck of the retort, on 
which some sulphuric acid is commonly to be found, in spite of all our care, 
as well as traces of powdered nitre; it is best, therefore, to collect the first 
portion, say one-tenth of the whole, in a separate receiver, and when the 
liquid that drops is found to be free from chlorine (by the test of nitrate of 
silver), the receiver may be changed, and the rest of the nitric acid obtained 
quite pure, or, at most, slightly tinged by nitrous acid. When 2 equivalents 
of sulphuric acid (oil of vitriol) to 1 of nitre are used, the results are 1 equiva- 
lent of hydrated bisulphate of potassa and 1 of monohydrated nitric acid ; 
KO,N03+2[HO,S03]=KO,HO,2S03+HO,N03.. When 100 parts of nitre, 
96-8 of oil of vitriol, and 40*45 of water are mixed and distilled, at 266° 
to 2^0°, nitric acid, of specific gravity 1*4, passes over during the whole 
process. (Mitscherlich.) 

Oil of vitriol of the sp. gr. 1 '84, contains one equivalent of dry sulphuric 
acid and one of water ; whereas liquid nitric acid usually contains one equiva- 
lent of dry acid and iioo of water : hence the requisite excess of oil of vitriol, 
where colorless and perfect nitric acid is to be obtained ; hence, too, the 
red color of the acid of commerce, in consequence of the smaller quantity of 
oil of vitriol generally used by the manufacturer, the deficiency of water 
causing the nitric acid to be resolved into nitrous acid and oxygen. 

The nitric acid, or aquafortis of commerce, is always impure, and hydro- 
chloric and sulphuric acids may generally be found in it. The former may 
be detected by nitrate of silver, and the latter by a diluted solution of nitrate 
of baryta. If, however, pure nitre and pure sulphuric acid be employed 
11 
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in its production, and the latter not in excess, there is little apprehension 
of impurity in the resulting acid. If the acid is colored by the presence of 
nitrous acid, it is rendered colorless by boiling, which is best performed in a 
retort, with a loosely-attached receiver; the nitrous acid passes off. If it 
contain hydrochloric acid, this is also decomposed by boiling, and chlorine 
escapes. Iron may generally be detected in the common acid by the usual 
test, ferrocyanide of potassium. The acid should be dikited and neutralized 
before applying the test. If pure, nitric acid should leave no residue on 
evaporation. 

Projperties. — Pure nitric acid is a colorless liquid, very acid and corrosive^ 
acting powerfully upon organic substances. Its specific gravity, as usually 
obtained, fluctuates between 1'4 and 1-5. At 247°, when of the specific 
gravity 1'42, it boils and distils over as a hydrate (N05,4H0), without 
change, but the diluted acid is strengthened by boiling ; and the strongest 
acid boils at a lower temperature (184°) than that which is of a lower spe- 
cific gravity. 

At — 40° the concentrated acid is congealed. When diluted with half its 
weight of water, it freezes at about — 2°. When the acid of 1*45 is exposed 
to the air, it exhales fumes of a peculiar odor, and gradually absorbs water^ 
so that its bulk becomes increased, and its specific gravity diminished. It 
suffers a partial decomposition when exposed to light, becoming yellow and 
evolving oxygen, so that it should be kept in a dark place, and especially 
excluded from the direct rays of the sun (NO^+O). Nitric acid, of the 
sp. gr. 1*5, mixed with half its bulk of water, occasions an elevation of tem- 
perature in the mixture=112°; 58 parts of the acid with 42 of water, both 
at 60°, give, on mixture, a temperature of 140°. On diluting the red fuming 
acid, it assumes a green color — the tint depending upon the quantity of 
water added. 

Anhydrous nitric acid is a compound of — 

Nitrogen , . 

Oxygen .... 

1 54 100-0 100-0 

The liquid nitric acid in its utmost state of concentration (sp. gr. 1'520) 
consists of 1 equivalent of anhydrous acid and 1 of water. It is a monohydrate. 
According to Dr. TJre, the acid of a specific gravity of 1*486 contains 1 
equivalent of real acid and 2 of water : — 

Sp. gr. Sp. gr. Sp. gr. Sp. gr. 

= l-o20. =1'50. =1-486. ==1-424. 



toms. 


Equ. 


Per cent. 


(Devnie.) 


1 . 


.. 14 . 


.. 25-9 . 


.. 25.4 


5 . 


.. 40 . 


.. 74-1 . 


.. 74-6 



Anhydrous acid 1 54 85-72 1 54 80 1 54 75 1 54 60 
Water . .19 14.28 1* 13-5 20 2 18 25 4 36 40 



1 63 100-00 1 67-5 100 1 72 100 1 90 100 

The following table, drawn up by Dr. Ure, exhibits the quantity of dry 
acid in 100 parts at different densities {Quarterly Journal^ 4, 297), the quan- 
tity of anhydrous acid in the liquid acid of sp. gr; 1'50 being assumed= 
79 '7. The column of dry acid shows the weight which any salifiable base 
would gain by uniting so as to form an anhydrous salt, with 100 parts of the 
liquid acid of the corresponding specific gravity. 

Specific Dry acid Specific Dry acid Specific Dry acid Specific Dry acid 
gravity. in 100. gravity. in 100. gravity. in 100. gravity. in 100. 



1-5000 79-700 
1-4790 73-324 
1-4530 76-948 



1-4228 60-572 
1-3882 54-196 
1-3477 47-820 



1-3056 41-444 

1-2583 35-068 
1-2084 28-692 



1-1587 22-316 
1-1109 15-940 
1-0651 9-564 
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ISTitric acid may be decomposed by passing its vapor through a red-hot 
porcelain tube ; oxygen is given off, nitrous acid vapor is produced, and a 
quantity of diluted acid which has escaped decomposition, passes over into 
the receiver ; it is thus proved to consist of nitrous acid, oxygen, and water. 
At a white heat, oxygen, nitrogen, and water only are evolved. According 
to Faraday, nitric acid does not undergo electro-chemical decomposition, but 
the water only. The oxygen at the anode is always a primary result, but the 
products at the cathode are often secondary, and due to the reaction of the 
hydrogen upon the acid. {Phil. Trans. 1834, p. 96.) 

When deutoxide of nitrogen is agitated with concentrated nitric acid, the 
acid is decomposed, and nitrous acid is formed, partly by the acquisition of 
oxygen by the oxide, and partly by its loss by the acid (NO^-f 2N05=3]N^04). 
Hyponitrous acid may also result (NOg+NOs-^NOg+NOJ. Various 
colors are thus imparted to nitric acid, according to its density {see page 
160). If to a jar holding about 150 cubic inches of deutoxide, an ounce of 
strong colorless nitric acid is added, this undergoes an immediate decompo- 
sition. Dense orange fames fill the jar, and the liquid acquires a deep green 
or brown color. Nitric acid is so frequently a mixture of the two acids, that 
it has been proposed to call it the Acidum nitrico nitrosum {1^0 JIO j'HO ^). 

Some of the metals, such as copper, tin, and silver, are at first without 
action on concentrated nitric acid, but become vehemently active upon the 
addition of a little water. Poured upon hot iron-filings, or melted bismuth, 
zinc, or tin, nitric acid causes a combustion of the metals. In acting upon 
those metals which decompose water, nitric acid gives rise to the formation 
of ammonia, and nitrate of ammonia may be found by the appropriate tests 
among the products. JSTo ammonia is formed during the action of nitric 
acid on copper, lead, antimony, bismuth, mercury, or silver. These metals 
remove three-fifths of the oxygen, the deutoxide of nitrogen being evolved. 
If the acid is much diluted, zinc and iron take four-fifths, and protoxide of 
nitrogen is a product. Tin, which is without action on the concentrated 
acid, deoxidizes it completely when of lower strength, nitrous acid, deutoxide 
of nitrogen, and nitrogen being set free. Nitric acid is without action on 
gold and platinum. This enables a chemist to detect the common alloys, 
which are intended to imitate gold, as nitric acid immediately dissolve them 
with the evolution of deutoxide of nitrogen. It is hence called the jeweller's 
test. Bat gold may be alloyed with nine per cent, of copper, and the acid 
will not affect it. The action of protosulphate of iron upon this acid is 
somewhat remarkable. If a strong solution of the protosulphate be added 
to a small quantity of nitric acid, the liquid acquires a dark, greenish-black 
color. The nitric acid parts with three-fifths of its oxygen, and the deutox- 
ide of nitrogen which results, is dissolved by the sulphate {see page 157). 
The reaction of the oxide of iron upon the acid may be thus represented, 
6FeO + N05==NO<,+ 3FeA- The dark liquid has the composition 4(FeO, 
S03)+N0, 

The facility with which nitric acid imparts oxygen, renders it a valuable 
oxidizing agent. Phosphorus decomposes it at common temperatures, and 
sulphur and carbon when aided by heat. A piece of glowing charcoal thrown 
upon the surface of the concentrated acid, burns vehemently with the evolu- 
tion of red fumes. It acts energetically (often when diluted) upon the greater 
number of organic bodies, and mutual decompositions ensue. A drachm of 
oil of turpentine, mixed with half a drachm of sulphuric acid, instantly bursts 
into flame upon the addition of a drachm of nitric acid. Malic, oxalic, and 
carbonic acids are the common products of the action of diluted nitric acid, 
upon many vegetable and animal substances ; ammonia and hydrocyanic acid 
are also sometimes formed. It tinges many animal substances of a yellow 
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color, and permanently stains the nails and skin ; it is sometimes employed in 
the production of yellow patterns upon woollen goods. Its oxidizing powers 
are increased by the presence of nitrous acid (NOJ. Pure nitric acid has 
no action on a solution of permanganate of potassa, but if it contain nitrous 
or hyponitrous acid, the red color of the solution is discharged. 

Tests. — Nitrates. — Mtric acid is monobasic. There are no acid nitrates ; 
the salts are neutral, and are represented by the formula MO + NO5. Among 
the metals, there are, however, some basic salts. As the salts of nitric acid 
are all soluble in water, neither its presence nor its proportion can be deter- 
mined by precipitation. When uncombined, it is recognized: 1. By its 
action on copper, and the production of deutoxide of nitrogen. 2. By the 
solution of gold when mixed with boiling hydrochloric acid. 3. By its 
discharging the color of sulphate of indigo acidulated with sulphuric acid 
when the mixture is heated. 

Nitric acid, when neutralized by potassa, yields long striated prisms of 
nitrate of potassa, and when neutralized by soda, rhombs. Other tests for 
this acid are included in those which are required for the detection of a 
nitrate. 1. On adding sulphuric acid to a nitrate, colorless fumes of nitric 
acid are given off. 2. On performing this experiment in a small test-tube, 
and adding a few copper-filings, nitrous acid fumes are evolved, known by 
their odor, their orange-red color, acidity, and the decomposition of a 
mixture of iodide of potassium and starch. When the quantity of nitrate is 
small, this experiment should be performed in a Florence flask — starch paper 
wetted, with a solution of the iodide of potassium being suspended in the 
neck of the flask, which should be corked. 3. Add to the nitrate, dissolved 
in a small quantity of water, its volume of sulphuric acid, and when nearly 
cool, add a crystal of protosulphate of iron. The crystal is encircled with a 
pink or brownish-colored layer of liquid {see page 157). 4. On boiling the 
nitrate with a small quantity of hydrochloric acid and a fragment of leaf- 
gold, the metal is speedily dissolved. If the gold does not entirely disappear, 
the fact that some portion has been dissolved, will be manifested by the liquid 
acquiring a purple or dark color on the addition of a few drops of proto- 
chloride of tin. The copper test may fail to reveal the presence of a nitrate 
when an alkaline chloride is present. In this case, the gold-test will be 
found serviceable. The nitrates are frequently present in potable waters, 
and their presence is generally indicative of the infiltration of nitrogenous 
matters, and their subsequent oxidation. They may be easily detected, 
without separating the other salts, by the application of the gold-test to the 
residue left on evaporation. 5. A solution of a nitrate, tinted blue with 
sulphate of indigo, acidulated with sulphuric acid, and heated, causes a 
destruction of the color. 



CHAPTER XIV. 

COMPOUNDS OF NITROGEN AND HYDROGEN. AMMONIA 
AND ITS SALTS. 

It is generally conceded by chemists that there are three compounds of 
these elements — Amidogen, NH3 ; Ammonia, NHg ; and Ammonium^ NH^ ; 
Of these, only one has been isolated, namely, ammonia, a gaseous alkali ; 
and as the two hypothetical compounds are derived from it, it is this which 
will first claim attention. 
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Ammonia (NH3=1/I). — This is a compound alkaline ga.s, long known 
under the name of volatile alkali. It derives its name from the temple of 
Jupiter Ammon, in Libya, in the neighborhood of which sal ammoniac was 
at one time manfactured. This gas is found in the atmosphere in very small 
proportion. 

Preparation. — When nitrogen and hydrogen are mixed in the free state, 
they show no tendency to combine ; they diffuse without change, and each 
is separable from the other. It is only in the nascent state that they com- 
bine to form ammonia {see page 44). This gaseous compound may be 
obtained from a mixture of equal parts of dry quicklime and one of dry 
hydrochlorate of ammonia, finely powdered, introduced into a small retort, 
and gently heated. It must be collected over mercury. Towards the latter 
part of the operation, a little w^ater goes over, which may be arrested in t'he 
neck of the retort by the previous introduction of a piece of blotting-paper, 
or of stick potassa, or it may be prevented passing over by filling up the 
bulb of the retort with powdered lime. Hydrochlorate of ammonia is a 
compound of hydrochloric acid and ammonia ; by the action of the lime 
(which is an oxide of calcium) the ammonia is expelled in its pure and 
gaseous form : the hydrochloric acid and the lime then mutually decompose 
each other, and water and chloride of calcium are the results: CaO,+ 
NH3,HCl = CaGl,+H0 + NH3. The gas may likewise be procured by 
heating in a retort, a saturated solution of ammonia. 

Properties. — Ammonia is gaseous at common temperatures, but it may be 
liquefied by a cold of — 40^, or at the temperature of 40° by a pressure of 
6'5 atmospheres (Faraday, Phil. Trans., 1823, p. 196). It is most readily 
obtained as a liquid by disengaging it by heat, in a sealed tube, from chlo- 
ride of silver which has been previously saturated with the gas (page 13). 
It forms a colorless transparent liquid, of a specific gravity of 0'T6, and with 
a refractive power surpassing that of w^ater. When free from water, it does 
not conduct electricity. At 103° below 0°, this liquefied ammonia became 
a white, translucent, crystalline solid, heavier than the liquid. 

Gaseous ammonia has a pungent and suffocating odor : it irritates the 
nose, eyes, and throat, and is irrespirable ; but when diluted by mixture with 
common air it is an agreeable stimulant. It converts some vegetable blues 
to green, yellows to red, and reds to blue or green, properties which belong 
to the bodies called alkalies. Ammonia, therefore, has been termed volatile 
alkali, and the change of color thus effected by it is distinguished from that 
produced by the fixed alkalies by the return of the original tint when the 
paper is warmed, or after the ammonia has passed off by exposure. Dry 
ammonia has no action on dry vegetable colors (page 45). (Kane.) As it 
is collected in the state of gas, it always holds sufficient water to act upon 
vegetable colors. If a small jar of the gas is opened under a large receiver, 
in which are suspended strips of paper colored with tincture of turmeric, 
infusion of roses, a decoction of Brazil wood, and litmus reddened by an 
acid, these will speedily undergo the changes of color which are characteristic 
of an alkali. Paper stained with the yellow sulphide of arsenic is bleached 
in the gas, while that which is wetted with arseuio-nitrate of silver (mixed 
solutions of arsenious acid and nitrate of silver) acquires a yellow color. It 
combines with the acids, and produces an important class of salts. 

The specific gravity of ammonia, compared with hydrogen, is as 8 '5 to 1 ; 
compared with air it as 0*5873 to 1 ; 100 cubic inches weigh 18 '19 grains. 
The gas extinguishes flame, but it is partially burned with a yellow flame, 
which does not extend to the other portions of the gas. Owing to its light- 
ness, this experiment may be performed in a jar inverted. When mixed 
with air, it may be burned as it issues from a capillary orifice in an atmo- 
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sphere of oxygen. When mixed with its volume of oxygen it burns with a 
feeble explosion. Ammonia is abundantly absorbed by chloride of calcium, 
as well as by several other chlorides (chloride of silver), with which, and 
with the other haloids, it forms compounds. Hence if it be required arti- 
ficially to dry the gas, potassa or lime should be used. 

Water, at the temperature of 50°, takes up 610 times its volume of ammo- 
nia, its bulk, is increased (6 measures of water giving 10 of the solution), 
and its specific gravity is diminished ; that of a saturated solution is 0'8t5, 
water being 1-000. A saturated solution of ammonia readily floats on water. 
The following table shows the quantity of ammonia in solutions of different 
specific gravities (Davy, Ghem. PMl.^ p. 268): — 

100partsofSp.gr. Of Ammonia. 100partsofSp.gr. Of Ammonia. 

•8750 contain 32-50 -9435 contain 14-53 

•9000 " 26-00 -9513 ^' 12^40 

•9166 « 22-07 -9573 " 10-82 

•9326 " 17-52 -9692 " 9-50 

The solutions of this gas commonly met with are the three following :— - 

Saturated solu. Common. P. L. 

S. G. . . . . -875 -889 ^960 

Ammonia . . . 32.3 26 10 

Water .... 67-5 74 90 

100- 100- 100- 

The solubility of the gas in water may be shown by the following experi- 
ment. Fill a tube with dry ammonia, and invert it in a basin containing a 
small quantity of mercury. Pour into the basin a solution of litmus just 
reddened by tartaric acid. Raise the tube containing the ammonia, so that 
the mouth may be immersed in the colored liquid. The liquid will gradually 
rise in the tube, and will ultimately fill it if the gas is pure. At the same 
time the alkaline nature of the gas will be proved by the red liquid being 
turned blue. A lighted taper applied to a small jar of the gas is extin- 
guished. If a little water be added, and the jar shaken, the solution of the 
gas will be proved by the taper now burning in the jar. 

The great solubility of ammonia in water renders it easy to separate this 
gas from many others which are insoluble in this liquid. The usual state in 
which ammonia is employed is in aqueous solution, both in chemistry and 
medicine. This solution {Liquor Ainmonise) may be readily obtained by 
passing the gas into water in a proper apparatus, or by distilling over, the 
water and gas together. For this process equal parts of sal-ammoniac and 
well-burned quicklime may be employed : the lime is slaked by the addition 
of water, and, as soon as it has fallen into powder, placed in an earthen 
pan, and covered until quite cold, then mixed with the powdered sal-ammo- 
niac and put into a proper retort, and heated as long as it gives out gas, 
which should be conducted, by means of a safety-tube, into a quantity of 
distilled water, equal to the weight of the salt employed. The specific 
gravity of a solution of ammonia so obtained is *936. 

Liquid ammonia (as this aqpeous solution is sometimes called) should be 
preserved in well-stoppered glass bottles, since it loses ammonia and absorbs 
carbonic acid when exposed to air. The gas is constantly evolved, and, 
when the solution is heated, ammonia is rapidly given off by it ; when con- 
centrated, it requires to be cooled to —40° before it congeals, and then it 
is inodorous, and of a gelatinous appearance. If a piece of ice be intro- 
duced into a jar of gaseous ammonia standing over mercury, it melts with 
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great rapidity, and liquid ammonia is produced. This is owing to the strong 
affinity of this gas for water. 

The solution, when pure, is colorless, and has the pungent odor of the 
gas. It is strongly alkaline, irritant, and caustic. It differs from potassa 
and soda in redissolving the oxides of copper and silver, precipitated by 
alkalies from their solutions. It should leave no residue on evaporation. If 
it contains carbonic acid, this may be detected by the addition of lime-water, 
or a solution of chloride of calcium, either of which will then cause a white 
precipitate of carbonate of lime. The presence of chlorine may be detected 
by neutralizing the alkaline solution with nitric acid, concentrating it by 
evaporation, and then adding nitrate of silver. The presence of ehlorine is 
made evident by the appearance of an insoluble white precipitate of chloride 
of silver. 

Tests. — Ammonia as a gas is recognized by its odor and volatile reaction, 
as well as by its producing white fumes of hydrochlorate of ammonia, when 
a rod dipped in strong hydrochloric acid, is brought near to it. Its solution 
is precipitated, 1st, by a solution of tartaric acid, when added in large pro- 
portion (acid tartrate of ammonia); and 2d, by a solution of chloride of 
platinum, forming a pale yellow ammonio-chloride of that metal, which is 
insoluble in alcohol. When existing in solution in very minute proportion, 
and the absence of other alkalies has been proved by the entire evaporation 
of a portion of the liquid, traces of ammonia may be readily detected by 
adding a few drops of the mixed solutions of arsenious acid and nitrate of 
silver.' Yellow arsenite of silver is produced and precipitated. The solution 
of ammonia is an important agent to the chemist. It enables him to precipi- 
tate many bodies, and as it is volatile, it can be subsequently expelled by 
heat from any mixture to which it has been added. 

Composition.-— Idv. Henry first observed that a mixture of ammonia and 
oxygen might be fired by an electric spark, and this property furnishes a 
method of analyzing the gas. When the spark-current from Ruhmkorff's 
induction-coil, is discharged through ammonia, the gas is rapidly decom- 
posed, and at the same time the liberated gases evolve the light peculiar to 
nitrogen and hydrogen. The spectrum produced, results from the super- 
position of the spectra for hydrogen and nitrogen. When a succession of 
electric sparks has been passed through a quantity of the gas contained in a 
tube over mercury, it is uniformly observed to increase to twice its original 
volume, and at the same time to lose its alkalinity and solubility in water. 
If the gas thus expanded, is mixed with from one-third to one-half of its bulk 
of oxygen, and an electric spark passed through the mixture, an explosion 
takes place, attended by a considerable diminution of volume. Assuming 
that in the analysis 4 c. i. of ammonia are expanded to 8 c. i. by the electric 
spark, and that 3 c. i. of oxygen are mixed with the 8 c. i. of decomposed 
gas, there will be 11 c. i. of mixed gases. These after detonation are reduced 
to 2 c. i., water being produced by the oxygen combining with the hydrogen 
of the decomposed ammonia. Two-thirds of the loss, or 6 c. i., represent 
hydrogen {Water, page 117), and the 2 c. i. of residuary gas may be proved 
to be nitrogen. Hence ammonia is constituted of one volume or atom of nitro- 
gen, and three volumes or atoms of hydrogen, the four volumes being reduced 
by combination to two. The changes are represented in the following equa- 
tion : 2NH3-|-60=2]Sr+6HO. This method of analysis is open to the ob- 
jection that some nitrogen is converted by the electric spark to nitric acid, 
which may lead to error in computing the loss after detonation. The follow- 
ing plan is not attended with this difficulty. Let 100 c. i. of the gas be 
passed through a porcelain tube containing platinum-wire heated to redness; 
it wdll be doubled in volume and entirely decomposed. The 100 c. i. of am- 
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monia produce 200 c. i. of mixed gases, of which 50 are nitrogen and 150 
may be proved to be hydrogen. 

These results are confirmed by ascertaining the sp. gr. of the gas ; but as 
the atom of ammonia represents two volumes, the sum of the sp. gr. of the 
constituents must be divided by 2. Thus: — 

Specific gravity of nitrogen . 
" hydrogen. 



b-oeoi X 3 


= 0-9674 
= 0-2073 




M747-T-2=.5873 


Weights. 
... 14 . 
3 


Per cent. Vols. 
,.. 82-35 ... 1 
... 17-65 ... 3 



Ammonia, therefore, is a compound of 

Atoms. 
Nitrogen . . * . . .1 
Hydrogen . . . . . 3 

Ammonia 1 17 100-00 2 

Ammonia is produced synthetically during the decomposition of many 
animal and vegetable substances, or by simply heating nitrogenous matter ; 
it is also formed during the action of nitric acid upon some of the metals ; 
and by moistened iron-filings exposed to an atmosphere of nitrogen or air. 
In these cases the nascent gases unite so as to form a portion of ammonia 
(Fe3+4HO + N=Fe303,HO + ]NrH3). Rust of iron formed by the exposure 
of iron to a damp atmosphere, generally contains traces of ammonia. When 
nitric acid is added to a mixture of zinc and dilute sulphuric acid, its nitrogen 
combines with the hydrogen as it is evolved, and ammonia is formed, NO5-I- 
8H=NH3+5HO; when, however, the action is violent, some deutoxide of 
nitrogen is also evolved. If, after some days, a portion of the liquid is boiled 
with a solution of potassa, ammonia will be evolved. The production of this 
gas during the rusting of iron may be thus proved. Sprinkle the inside of 
a large stoppered bottle with fine iron-filings, adding a small quantity of 
water to make the metallic particles adhere to the sides of the bottle. Sus- 
pend in the interior from the stopper a slip of litmus-paper, first reddened 
by a weak acid. In about twenty-four hours the paper will be rendered blue, 
by the ammonia produced in the rusting of iron. In the action of nitric 
acid upon tin, ammonia is a product, provided water is present. Add tin- 
filings to nitric acid, and then dilute the acid ufitil a violent action com- 
mences. The acid and the water are partially deoxidized by the metal, and 
the hydrogen of the one unites to the nitrogen of the other, in the nascent 
state, to form ammonia (N05+3HO-f4Sn=-NE[3 + 4Sn02). If the residu- 
ary oxide of tin be well mixed with water, and some lime stirred into the 
mixture, ammonia is immediately evolved. Ammonia, as it is diffused in air 
and water, is liable to become oxidized and converted to nitric acid, as a 
result of the action of ordinary or allotropic oxygen, ]S[H3+80(Oz)=N05+ 
3 HO. This oxidation is chiefly observed to occur when fixed bases, with 
which the acids can combine, are present. The presence of alkaline nitrates 
in large quantity in many well-waters, especially in the neighborhood of 
grave-yards, is attributed to the effects of oxidation on the ammoniacal pro- 
ducts of putrefaction. 

Ammonia may be synthetically formed by the action of spongy platinum 
on a mixture of 2 volumes of deutoxide of nitrogen and 5 of hydrogen. For 
such experiments platinated asbestos, formed by dipping that substance 
into a solution of chloride of platinum and exposing it to a red heat, may 
be used ; while the mixed gases are passing, the platinum should be heated 
(N02+H5==NH3+2HO.) 

Amidogen (NH2). — Amidogen is presumed to exist in combination with 
certain metals, and in some organic compounds. When potassium, or sodium, 
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is heated in a current of dry ammonia,- one equivalent of hydrogen is expelled, 
and a solid substance is obtained which, in the case of potassium, is sup- 
posed to have the composition KNH^— an atom of hydrogen having been 
replaced by an atom of the metal. This theory is strongly supported by 
the fact, that when the substance produced is placed in water, the sole pro- 
ducts obtained are potassa and ammonia, KNH2+HO==KO + NH3. Ami- 
dogen is therefore regarded as a hypothetical radical. Among the com- 
pounds into which it is supposed to enter, may be mentioned those of copper, 
CuNHg, and mercury, Hg,]^'!!^, the last being the ammonio-chloride of mer- 
cury or white precipitate. Inferring from these and other similar cases, 
that in ammonia the third atom of hydrogen is less intimately combined 
with nitrogen than the remaining two, Sir Robert Kane represents amidogen, 
NHg by the symbol Ad, and treats it as the radical of ammonia. Ammonia, 
therefore, on this view of its constitution, is an amide of hydrogen=.^IL^,'K 
orAdH. 

Ammonium (NH+gH, or NHJ. — When mercury is made the negative 
electrode in an aqueous solution of ammonia, it becomes semi-solid, and 
assumes the character of a soft amalgam; oxygen is given off at the, positive 
electrode, but there is no corresponding evolution of hydrogen on the negative 
side until the electric current is interrupted, when the metallic sponge begins 
to collapse, and gives out hydrogen and ammonia, leaving a residue of pure 
mercury; but this change may be retarded by cold, and on cooling the 
pasty mass to 0° it yields cubic crystals, which, when decomposed over mer- 
cury, give out ammonia and hydrogen in the respective volumes of 2 to 1. 
The mercury, therefore, appears to have been combined with a body repre- 
sented by ISfH^, and as the metallic characters of the mercury are unchanged, 
it is presumed that NH^ constitutes temporarily a metal which has been 
termed ammonium. This phenomenon may be equally observed by placing 
an amalgam of potassium or sodium and mercury upon a block of sal am- 
moniac, excavated in the form of a cup and containing a small quantity of 
water ; the amalgam soon increases in size, and forms a soft solid. It is 
supposed, in this case, that the potassium-amalgam, acting upon hydro- 
chlorate of ammonia, gives rise to chloride of potassium, and the amalgam of 
ammonium, KHg + NH3HCl=KCl + HgN^H4. The production of this amal- 
gam may be more strikingly shown by the following experiments. " Prepare an 
amalgam of sodium by gently warming some mercury in a tube or capsule, 
and adding at intervals, small portions of sodium. The amalgam, which 
should be fluid when cold, maybe preserved for some hours in a well-stop- 
pered bottle. Prepare a few ounces of saturated solution of chloride of 
ammonium. Fill a tall glass or jar to about one-third with this solution at 
the temperature of 100^, then pour into it a quantity of the prepared sodium- 
amalgam. On contact with the liquid, the amalgam rapidly enlarges into 
a spongy mass, sometimes rising out of the glass and forming a cauliflower 
excrescence. If kept in contact with the solution, it retains its spongy 
state for a short time ; but the mass slowly collapses : hydrogen and ammo- 
nia are evolved, and metallic mercury remains in the glass, which now con- 
tains a solution of the chlorides of ammonium and sodium. 

In the production of the ammonium- amalgam while the metal increases 
to ten times its volume in the cold and probably to thirty times its volume 
at 100^, the hydrogen and ammonia increases its weight, only by l'2000th 
part. When a portion of the amalgam is placed in water tinted with red 
litmus, it is slowly decomposed, minute bubbles of hydrogen escape,, and the 
solution of the ammonia is proved by the red litmus slowly acquiring a blue 
color. The evolution of these gases may be further proved by filling a 
long test-tube to two-thirds of its depth, with blue infusion of cabbage, 
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and the other third with ether. If the amalgam is dropped to the bottom 
of the tube, the ammonia, as it escapes, will be dissolved by the water, and 
turn the blue cabbage green, while the hydrogen not being soluble will be 
seen escaping in numerous minute bubbles through the floating layer of 
colorless ether. 

These facts simply show that hydrogen and ammonia go into the mercury, 
and that they are again evolved as such either spontaneously or by contact 
with water. Although not isolated in a combined state, it is assumed — 1, 
from the consistency given to the mercury ; 2, from the amalgam crystal- 
lizing in cubes at zero, that the hydrogen and ammonia are temporarily 
united in definite proportions, to form a metal which is dissolved by mercury 
like other metals. At temperatures above zero the tendency of the compo- 
nents of this metal to assume the elastic state appears to be so great as to 
lead to their evolution under the form of hydrogen and ammonia. It is 
remarkable that in the analysis and synthesis of this body the elements are 
never arranged as hydrogen and nitrogen, but as hydrogen and ammonia. 

Although this compound metal cannot be separated as such from the 
amalganj, chemists have generally agreed to regard its independent existence 
as sufficiently established to justify its use in the nomenclature of the salts of 
ammonia, thereby assimilating them in some respects to the salts of the other 
alkaline metals. The hypothetical ammonium is, therefore, symbolized some- 
times as Am, or more commonly by the formula NH^. The salts will stand 
thus upon the two theories : — 



Potassium series. 


Ammonium 


series. 


Ammonia series. 


Metal 


K 


Am 


= NH4 


NH.4-H 


Oxide 


KO 


Am,0 


= NH,0 


NHgjHO 


CMoride 


KCl 


Am CI 


= NH4CI 


NH3,HC1 


Sulphide 


KS 


AmS 


= NH,S 


NH3,HS 


Nitrate 


K0,N05 


AmO,N05 


=:^n,o,m. 


NH3,HO,N05 


Sulphate 


K0,S03 


AmO,S03 


= NH^ 0,S03 


NH2,H0,S03 



From this comparative table it appears, that while potassium is an alkali- 
genous metal, ^. e., a metal producing an alkali by combination with oxygen, 
ammonia is a metalligenous alkali, i. e., an alkali producing a metal, by com- 
bination with hydrogen. While oxide of potassium (KO) is an indepen4ent 
and well-defined compound, which can be readily obtained either with or with- 
out water, the so-called oxide of ammonium has only a hypothetical existence. 
Dry ammonia, like dry potassa, has no alkaline reaction, the presence of 
water being required for the manifestation of this property in bodies (p. 41). 
There is, however, no reason to suppose that the water is decomposed. by 
either compound. In reference to ammonia, water acts simply as a solvent, 
as it does on carbonic acid and protoxide of nitrogen. The properties of 
the solution are simply those of the gas, and like other soluble gases, ammo- 
nia may be entirely expelled by heat. There is no hydrate of ammonia, nor 
any condition of this alkali, which shows a chemical union with or reaction 
upon the elements of water. Every attempt to extract an oxide has ended 
in failure, and even where circumstances were most favorable for its produc- 
tion— ^. e., in the nascent state — nothing but ammonia and water result. 

When perfectly dry ammonia and hydrochloric acid gases are brought in 
contact— a solid white crystalline salt is formed, which may be either hydro- 
chlorate of ammonia, or chloride of ammonium. On the latter hypothesis, 
the affinity of the ammonia for another equivalent of hydrogen is assumed to 
be such as to lead to its separation from the chlorine (NH3+HC1=NH^,C1). 
But the production of this binary compound is not reconcilable with the facts 
usually observed in reference to the powerful affinity of chlorine for hydrogen. 
Ammonia itself is readily deprived of all its hydrogen by chlorine, as in one 
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of the processes for obtaining nitrogen (]Sril3+3Cl=N+3HCl). In re- 
ference to the extraction of ammonia by lime, most chemists treat sal-ammo- 
niac as hydrochlorate of ammonia, and not as chloride of ammonium. On 
the former view there is simply a displacement of the ammonia by the lime, 
and the production of water, NH3,HCl+CaO=NH3+CaCl + HO ; on the 
latter view, the decomposition would be, ]S[H4,Cl-{-CaO=NH3+CaCl + HO. 
Thus synthetically, the ammonia is supposed to be changed into a metal by 
a reaction on the elements of hydrochloric acid ; while analytically, the metal 
is supposed to be reconverted into ammonia and water by a reaction on the 
constituents of lime. It will be perceived that the oxacid salts of ammonia 
enumerated in the table contain an atom of water, and this is supposed to 
furnish the hydrogen for the production of the metal, and the oxygen neces- 
sary to constitute its oxide. 

While the alkaline metals manifest no basic properties until after they 
have entered into combination with oxygen, ammonia, in a dry state, forms 
saline compounds with dry sulphurous and carbonic acids, and even with the 
anhydrous sulphuric, and phosphoric acids. These compounds have re- 
ceived the name of Ammonides , to distinguish them from the salts formed 
with the hydrated oxacids. Ammonia must therefore be regarded as excep- 
tional in this respect. The production of a metal, or of the oxide of a 
metal, is not necessary for the manifestation of basic properties by this 
alkali. 

Salts of Ammonia.— iW^m^e, ]N'H3,HO,N05.— It is usually obtained by 
saturating pure nitric acid with carbonate of ammonia, evaporating and crys- 
tallizing. , 

This salt was formerly called nitrum jlammans^ in consequence of its rapid 
decomposition with a slight explosion when heated to about 600^. At 228^ 
it enters into perfect fusion ; at 356^ it boils without decomposition ; at 
about 390^ to 400° it is decomposed, and is entirely resolved into protoxide 
of nitrogen and water (NH3HO,N05=2NO + 4HO). It is deliquescent, 
and soluble in less than its weight of water at 60^. Its taste is acrid and 
bitter. It indicates free acid after exposure to air, and, like other ammo- 
niacal salts, it loses its neutrality and becomes acid when its solution has 
been boiled. 

Hydrochlorate of Ammonia ; Muriate of Ammonia^ ^^^Q\ ; Chloride 
of Ammonium, JSTH^Cl. — This salt may be produced directly, by mixing 
equal volumes of dry gaseous ammonia and dry hydrochloric acid, when 
entire condensation ensues. The experiment which beautifully illustrates 
the solidification of two gases by chemical union, may be thus performed. 
Place within a tall, stoppered shade, a small jar containing ammonia. When 
the gas has diffused itself, which may be known by a change of color in test- 
paper placed at the top of the shade — the stopper may be removed, and a 
small jar of hydrochloric acid inverted over the aperture. A dense white 
cloud of chloride of ammonium will immediately descend from the top to the 
bottom of the shade. Under the name of sal-ammoniac this salt was formerly 
imported from Egypt, where it was obtained by burning the dung of camels. 
It is now prepared either by saturating hydrochloric acid with carbonate of 
ammonia, or by decomposing sulphate of ammonia by chloride of sodium 
(N.H3,S03,HO + ]SraCl=NH3,HCl-f NaO,S03). When obtained by evapo- 
ration from its solution in water, it forms octahedral crystals ; but, in com- 
merce, it usually occurs, as procured by sublimation, in translucent fibrous 
cakes, hard, somewhat elastic, and slightly deliquescent. In this compact 
state it requires for solution about an equal weight of water at 212^, and 
nearly three times its weight at 60*^, cold being produced during its solution. 
It is also sparingly soluble in alcohol. When heated it sublimes, before it 



n2 CHLORINE. 

fuses, without decomposition, in the form of a white vapor, and may be even 
passed through a red-hot porcelain tube without change. 

Sal-ammoniac is an anhydrous salt; it is not volatile at common tempera- 
tures, but when exposed to air it becomes slightly acid, in consequence of 
the loss of a little ammonia; the aqueous solution, therefore, of the salt, 
often reddens litmus. It is used in the arts for a variety of purposes, especi- 
ally in certain metallurgic operations ; it is used in tinning, to prevent the 
oxidation of the surface of copper ; it is also employed in small quantities 
by dyers. 

Sesquicarhonate of Ammoiiia^ 2NH3,3C03,2HO. — This salt is the carbon- 
ate of ammonia of commerce. It is generally met with in translucent cakes 
of a fibrous fracture, as obtained by sublimation from a mixture of carbon- 
ate of lime and sulphate or hydrochlorate of ammonia. When carbonate of 
lime and sulphate of ammonia are used for its production, the results are 
sulphate of lime, hydrated sesquicarbonate of ammonia, and free ammonia 
and water. 3[CaO,COJ + 3[NH3,SO3,HO]-3[0aO,SO3] + [2NH3,30O2, 
2H0]-f IN'HgjHO. When sal-ammoniac is substituted for the sulphate, we 
have3[CaO,COJ-|-3[NH3,HCl]=3CaCl-f[2NH3,3CO„2HO] + NH3,HO. 

This salt has a pungent odor, a hot and saline taste, and a powerful alka- 
line reaction. It may be obtained in an impure state by the destructive 
distillation of nitrogenous matter, constituting 5a/^ of hartshorn] but this 
and other salts of ammonia, are now chiefly procured from the distillation of 
coal, in the manufacture of gas. Four parts of water at 60^ dissolve about 
one of this salt, forming the liquor ammonice sesquicarhonatis. When 
exposed to air, especially in the state of powder, it effloresces into bicarbo- 
nate of ammonia, and carbonate of ammonia is volatilized. When its aqueous 
solution is heated, carbonic acid and a little ammonia is evolved, and the 
single carbonate remains dissolved. There is a hicarhonate of ammonia 
(NH32CO22HO) on the ammonia theory ; but to satisfy the ammonium 
hypothesis, this must be regarded as a carbonate of ammonia and carbonate 
of basic water [H0,C0^+NH40,C0J. This difficulty applies to all the 
acid salts of ammonia. 

Characters of the Salts of Ammonia. — They are white, soluble in water, 
and are volatilized when heated. With the exception of the carbonate, they 
have no odor of ammonia. The solutions are rendered acid by boiling. In 
the dry state, a salt of ammonia is known by heating it in powder with its 
bulk of quicklime, and in a state of concentrated solution, by boiling it with 
a solution of potassa. Ammonia, recognizable by its odor and other pro- 
perties, is evolved in both cases. 

For Sulphide of Ammonium, see Hydrosulphuric acid. 



CHAPTER XV. 

CHLORINE (Cl = 36). — COMPOUNDS WITH OXYGEN AND 
HYDROGEN. HYDROCHLORIC ACID. 

History,. — CHLORINE is an elementary gas, which was discovered by Scheele 
in I IT 4. For a long time it was supposed, on the authority of Lavoisier, 
to be a compound of oxygen and muriatic acid, and it was thence called 
Oxymuriatic acid gas ; but in the year 1810 it was examined by Davy, and 
proved by him to be a simple undecomposable body of highly negative pro- 



PUOPERTIES OF CHLORINE. ITS 

perties, like oxygen. It derives its name, chlorine, from its greenish-yellow 
color {x'kiopos, green). The alleged presence of oxygen and muriatic acid in 
the gas, was explained by its reaction under the influence of light, on the 
elements of water — the gas having been examined in the humid state. Under 
these circumstances the hydrogen was taken by the chlorine forming hydro- 
chloric acid and the oxygen was evolved. It is not found free in nature ; its 
combining tendencies are so strong, that it could not long exist in the free 
state. It is a most abundant element, and is the great constituent of the sea, 
as oxygen is of the earth. It is hence called a halogen (a%^, salt). One 
pound of common salt (chloride of sodium) contains more than half a pound 
of chlorine. This is equivalent to rather more than five gallons of the gas, 
for each gallon of sea-water. 

Preparation. — Chlorine may be procured by acting on a mixture of sea 
salt and black oxide of manganese with sulphuric acid; but it will be found 
more convenient to obtain it directly from hydrochloric acid, which contains 
97 per cent, of this gas. The peroxide of manganese, in coarse powder, is 
mixed with four parts, by weight, of hydrochloric acid, to which a little water 
is added, to check the fumes. A flask or retort may be used, but two-thirds 
of the capacity of the vessel should be left free, as the mixture swells up when 
heated. By the application of a gentle heat the gas will come over freely. 
It should =be collected in a bath containing but a small quantity of tepid 
water. It is very soluble in water, and much is lost by collecting it in cold 
water. If hot water is used there is less of the chlorine dissolved, but on 
cooling, the gas is liable to become mixed with a large proportion of air. 
It must not be allowed to stand over water, or it will entirely disappear. 
The jars should stand on accurately fitted glass-plates, and the vessels which 
are not ground may be placed in plates containing a small quan,tity of a 
saturated solution of chlorine. The decomposition which ensues in the 
above-mentioned process, may be thus represented : 2HCl4-Mn03=Cl + Mn 
C1 + 2H0. From this it will be perceived, that only one-half of the chlorine 
is obtained. It may be procured from common salt by heating a mixture of 
four parts of chloride of sodium, and one part of peroxide of manganese, 
with two of sulphuric acid and two of water (NaCl-fMn02 + 2SO„HO = 
^^aO,S03 + MnO,S03+Cl-f-2HO). 

The gas may be procured quite pure and dry, by passing it first through 
a wash-bottle containing some distilled water, and afterwards through a 
glass-tube containing broken chloride of calcium. As the respiration of 
even a small quantity of chlorine is highly injurious to the lungs, the gas 
should be made only where there is a free current of air. The first portions 
(containing air) should be collected in jars, and these may be opened under 
a flue. The gas should not be collected for experiments, until it appears of 
a rich greenish-yellow color. As it is very heavy, it may be obtained by 
displacement. For this purpose the gas, dried by the process above de- 
scribed, should be conducted by a delivery-tube to the bottom of a clean dry 
jar, and when the colored gas is seen to overflow, the jar may be covered and 
removed. For common purposes, chlorine may be speedily dried by placing 
some strong sulphuric acid at the bottom of the jar in which it is to be col- 
lected, and causing the delivery-tube to dip into this. The chlorine in pass- 
ing through the sulphuric acid is deprived of its water, and if the jar, when 
filled, is closely covered, and is allowed to stand for a short time, the gas will 
be perfectly desiccated. 

Properties. — Chlorine gas is of a greenish-yellow color, has a pungent and 
suffocating odor, a peculiar and somewhat astringent taste, is highly irritating 
when respired, exciting cough and great irritation of the lungs, even when 
considerably diluted with atmospheric air. When dry and pure, it is not 
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affected by light, neither is it altered by a high temperature. But when the 
gas in a humid state is passed through a red-hot porcelain tube, it decom- 
poses the watery vapor, combining with the hydrogen to form hydrochloric 
acid, and liberates oxygen. Although a gas at the ordinary temperature and 
pressure, chlorine admits of liquefaction by cooling to —106°, or by a pres- 
sure of four atmospheres at 60*^, forming a yellow liquid which has not been 
yet solidified. Chlorine readily combines with aqueous vapor to form a 
crystalHne hydrate of a pale yellowish-green color. A jar of the gas contain- 
ing the ordinary amount of vapor, readily yields this hydrate when exposed 
to a temperature of 32°. If the temperature rises, the crystals melt, and the 
jar will be again filled with the gas, which is set free with effervescence. 
This hydrate of chlorine consists of one atom of the gas to ten atoms of 
water (Cl-f lOHO); it may be obtained in a pure state, by placing a small 
quantity of water in a large bottle containing chlorine, and keeping the bottle 
in a dark place at or near the freezing point. If these crystals are introduced 
into a small bent tube, and the tube is sealed, they will serve as a source for 
obtaining the gas in the liquefied state (see page Y3). On heating the end 
containing the crystals, and keeping the other end of the tube cool, a yellow 
vapor is evolved which is condensed into two distinct fluids, the upper and 
lighter being an aqueous solution of chlorine, while the lower and heavier, 
which is of a yellow color, is the liquefied gas. When the tube is broken, 
the liquid is immediately converted to gaseous chlorine. The sp. gr. of the 
liquid gas is 1 -33. It is a non-conductor of electricity. 

The specific gravity of chlorine compared with air is 2-48^6, which gives 
71"04 grains as the weight of 100 cubic inches at mean temperature and 
pressure. Its specific gravity, in reference to hydrogen, may be considered 
as 36 to 1. In the electrolysis of its compounds, chlorine, like oxygen, ap- 
pears at the positive pole or anode. 

At the temperature of 60°, water dissolves twice its volume of the gas. 
The solution, saturated at 42°, has a specific gravity of 1"003; it is of a pale 
greenish-yellow color, has an astringent, nauseous taste, and destroys vege- 
table colors : hence its use in bleaching. The bleaching agency has been by 
some regarded as due to the evolution of nascent oxygen, resulting from the 
decomposition of aqueous vapor or water. Chlorine itself, when perfectly 
free from moisture, has no such action. Thus if a strip of dry litmus-paper 
be placed in a jar of chlorine collected by displacement through sulphuric 
acid in the manner already described, it will be found that that portion of 
the paper which is in the jar retains its blue color, while that which hangs 
out of the jar will be bleached. The mouth of the jar should be closely 
covered by a plate of glass, or the moisture in the air will cause a bleaching 
of the whole of the litmus-paper. The general effect of the humid gas on 
organic colors may be thus represented (Cl-hHO=HCl + 0). Indigo, litmus, 
cochineal, aniline-purple, and other colors, are thus so completely destroyed, 
that they cannot be artificially restored. 

The bleaching properties of the gas may be shown by passing a few cubic 
inches of it into ajar filled with diluted sulphate of indigo, and inverted in 
the water-bath. The color of the indigo is destroyed on agitation. Let 
some artificial flowers and a bunch of parsley be suspended in a tall shade 
filled with water and inverted in the bath. On decanting into the shade 
chlorine gas, so as to fill the upper part of it, the colors depending on organic 
compounds will be destroyed, while mineral colors, including those depending 
on carbon, will remain. 

The aqueous solution of chlorine was formerly known as oxymuriatic acid. 
It is now called aqua chlorinata. It has no acid reaction, unless it has been 
exposed to light. It is a powerful astringent, and possesses all the bleaching 
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and oxidizing properties of the gas. It converts sulphurous into sulphuric 
acid (Cl-f SO2 + 2HO=HCl + S03HO), and the protoxides of iron and 
manganese into peroxides. The ferrocyanide of potassium is changed to 
ferricyanide by chlorine. This solution gives a white precipitate vi^ith nitrate 
of silver (AgCl), insoluble in nitric acid. When exposed to a temperature 
of 32*^, the aqueous solution freezes, forming the crystalline hydrate (page 
IH), and ice which is free from chlorine. The aqueous solution of chlorine 
dissolves gold by the aid of a gentle heat. When this solution is exposed 
to the direct rays of the sun, oxygen is evolved in consequence of the decom- 
position of the water, the hydrogen of which unites to the chlorine, and forms 
hydrochloric acid (Cl-f-HO==H01-fO). The same change ensues more 
slowly in common daylight, but in the dark, there is no such decomposition ; 
so that as gaseous chlorine generally contains aqueous vapor, the bottles in 
which it is preserved, should be carefully excluded from light. 

Chlorine, and its aqueous solution, are powerful antiseptics, and destroyers 
of foul and noxious effluvia. This property depends on its power of decom- 
posing the noxious compounds, which generally contain hydrogen, and 
resolving them into others which are harmless. For the purposes of fumiga- 
tion, chlorine liberated at common temperatures, from black oxide of 
manganese and hydrochloric acid, or from manganese, salt, and sulphuric 
acid, may be diffused through the foul atmosphere. In the same way the 
offensive odor of decomposing animal matter, may be removed by sprinkling 
it with a solution of chlorine. 

When a burning taper is immersed in a jar of this gas, the flame becomes 
red, throws off dense, black fumes, and is soon extinguished. If a green 
wax taper with a glowing wick is suddenly introduced into a jar of the gas, 
the flame will be rekindled, and it will continue to burn with the evolution 
of much carbonaceous smoke. Tow or cotton, impregnated with ether, and 
introduced in a state of flame into the gas, burns with a dense smoke, chiefly 
of carbon. Bibulous paper soaked in hot oil of turpentine suddenly plunged 
into a jar of the gas (kept partially covered) frequently bursts into flame, a 
large quantity of carbon being given off during the combustion. In all 
these cases, chlorine supports combustion, by taking only the hydrogen of 
the combustible, and setting free the carbon. That hydrochloric acid is a 
product, may be proved by introducing litmus-paper, which will be reddened 
—as well as a glass rod dipped in strong ammonia, which will cause the 
evolution of copious white fumes of hydrochlorate of ammonia. Some 
bodies — such as sulphide of carbon, which burn with great splendor in 
oxygen — are immediately extinguished in this gas. There are, however, 
many substances, such as phosphorus and several of the metals, which are 
spontaneously inflamed by chlorine, and burn in it with much energy. 
Phosphorus burns iu the gas at all temperatures (see page 97). In these 
cases, bi'uary compounds result, some of which, like those of oxygen, are 
possessed of acid properties : others are not acid, and are termed chlorides. 
Brass or copper leaf, and powdered antimony, serve well to show the intense 
action of chlorine upon certain metals. When introduced into the gas, they 
enter into immediate combustion, and chloride of copper and chloride of 
antimony are formed. 

Fill a dry jar with some leaves of Dutch gold, and invert over it a jar of 
pure chlorine ; as the gas descends, the metal will undergo combustion, 
acquiring a red heat without flame, and the whole will disappear. The 
combustion of antimony may be shown by sifting the freshly-powdered metal 
into a jar of the gas on partially removing the cover. If a piece of sodium, 
heated to ignition in air, be introduced into a bell-jar of the gas, it will burn 
with great splendor. If a coil of fine iron-wire is made red hot and plunged 
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into tlie gas, it will burn with a deep lurid-red flame, evolving copious brown 
vapors of sesquichloride of iron. When fine copper or brass wire ignited is 
employed, it burns in chlorine with splendid scintillations. Arsenic and 
mercury at a high temperature burn in the gas, producing highly noxious 
fumes. These experiments should only be performed where there is a free 
current of air to carry off the volatile products. 

Chlorine displaces bromine and iodine from their metallic and non-metallic 
combinations. Paper wetted with a solution of bromide of potassium, and 
introduced into chlorine, acquires a yellow color from the liberated bromine. 
If iodide of potassium is used, iodine is abundantly set free. 

There is no body for which chlorine manifests so strong an affinity as 
for hydrogen. All the hydrogen compounds of carbon, sulphur, phosphorus, 
nitrogen, antimony, and arsenic, are decomposed by it: hydrochloric acid 
is produced, and the metal or metalloid is liberated. If ajar of chlorine is 
inverted over one containing sulphuretted hydrogen, this gas is decomposed, 
sulphur is precipitated, and hydrochloric acid is formed. This may serve as 
an illustration of its operation in deodorizing foul and offensive effluvia. • The 
decomposition of ammonia by this gas has been already referred to. The 
whole of the hydrogen is taken and the nitrogen is liberated (3Cl + 4NI-l3= 
8(]SrH3HCl + N) (page ItO), The results may be shown in another mode. 
Introduce into a jar of chlorine bibulous paper saturated with a strong solu- 
tion of ammonia. There is violent combustion with a pale reddish flame 
(chloride of nitrogen ?), and dense white fumes of hydrochlorate of ammonia 
escape (6Cl + 4ISfH3=3(iS'H3HCl) + NCl3). Ammonia may be regarded as 
the most effectual agent for the removal or neutralization of gaseous chlorine. 
Solutions of potassa and soda absorb the gas, producing salts which vary 
according to circumstances. A current of the gas passed into a hot and 
concentrated solution of potassa, produces chloride of potassium and chlo- 
rate of potassa, which may be obtained by evaporation (6K0 + 6C1=6KC1 + 
KOCIO5). If the alkaline solution is cold and much diluted, then a chloride 
and hypochlorite are produced. (See Hypochlorous Acid.) 

Equivalent and Compounds. — The atomic weight of chlorine is usually 
taken at 36 (page 61), and its combining volume 1. Like hydrogen, it is 
a monatomic gas. Its range of combination is as great as that of oxygen. 
It combines with all the metals, and with the greater number of metalloids. 
These binary compounds are called Chlorides. It forms only acid compounds 
with oxygen and hydrogen. 

Tests. — The color, odor, and bleaching properties of this gas are in all 
cases sufficient for- its identification. In solution it may be known by these 
properties, and by the white curdy precipitate which it gives with -a solution 
of nitrate of silver, as well as by its power of decomposing iodide of potas- 
sium, and producing a deep-blue-colored compound when the iodide is mixed 
with a solution of starch. An excess of chlorine destroys this color. 

Compounds of Chlorine and Oxygen. — These elementary bodies do not 
combine directly. They have but a feeble affinity for each other, and, when 
combined, are readily separated by slight causes. There are five compounds 
of these elements, four of which are acids : — 

1 Hypochlorous acid, CIO 3. Peroxide of Chlorine, CIO4 

2. Chlorous acid,Cr03 4. Chloric acid, CIO5 

5. Perchloric acid, CIO7. 

1. Hypochlorous Acid (CIO =44). When a small quantity of hydrate of 
lime is placed in ajar of chlorine., the gas soon disappears, and a compound 
of hypochlorite of lime and chloride of calcium is formed (2CaO-f-2Cl = 
CaO,C10 + CaCl). This is well known as bleaching powder {see Chlo- 
ride of Lime). When a current of chlorine is passed into a cold weak solu- 
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tion of soda or potassa, a similar reaction takes place, and an alkaline hypo- 
chlorite is formed (2KO-}-2Cl=KO,C10+KCl). When these compounds 
are acted upon by acids, they evolve chlorine, and not hypochlorpus acid. 
Balard first suggested a method of obtaining pure hypochlorous acid. His 
process consists in agitating a mixture of one part of precipitated red oxide 
of mercury with tv^elve of distilled water, in a bottle filled with chlorine ; 
the gas is rapidly absorbed. If the proportion of the oxide is insufficient, 
the deposited powder is white, and some of the chlorine remains unabsorbed ; 
but the oxide should be in slight excess, so as to remain red, and entirely 
absorb the gas. (2HgO + 2Cl=ClO + HgCl,HgO.)— (6 drachms of red oxide 
mixed in fine powder with an ounce and a half of water, and shaken in a 
quart bottle of chlorine, are the proportions recommended by Grraham). 
When the absorption is complete, the contents of the bottle are poured 
upon a filter, and the filtered liquor subjected to distillation in vacuo, by 
which a diluted solution of hypochlorous acid is obtained, and this may be 
concentrated by a second distillation. 

The gaseous, is obtained from the aqueous acid, by introducing into an 
inverted jar of mercury, a quantity of the concentrated liquid, and then pass- 
ing into it, through the mercury, small fragments of fused nitrate of lime. 
The nitrate abstracts the water and liberates pure hypochlorous acid in the 
state of a gas, a little deeper-colored than chlorine, of a strong penetrating 
odor, and absorbable by mercury, forming oxychloride, from the contact of 
which it is preserved in the above mode of obtaining it, by the layer of solu- 
tion of nitrate of lime. A slight elevation of temperature, even the warmth 
of the hand, is sufficient to decompose this gas with explosion and evolution 
of heat and light, so that it requires careful management. It is not changed 
by some hours' exposure to diffused daylight, but direct solar rays decom- 
pose it in a few minutes without explosion; when mixed with hydrogen and 
inflamed, it detonates violently, but at common temperatures, the mixture 
remains unchanged. Bromine and iodine slowly decompose it ; sulphur, 
selenium, phosphorus, arsenic, and antimony, decompose it with sudden and 
violent detonation ; charcoal also causes it to explode, apparently in con- 
sequence of the condensation which the gas suffers in its pores. In these 
cases the elements are peroxidized and converted into the higher class of 
acids. When placed in contact with iron filings, the iron is oxidized, and 
chlorine is evolved; but when silver is substituted for iron, chloride of silver 
is formed, and oxygen is evolved. Hypochlorous acid gas may be procured 
by passing a current of dry chlorine through precipitated and well-dried 
oxide of mercury. The gas must be condensed in a receiver, kept cool by 
a freezing mixture. In this reaction, the oxygen is simply displaced by the 
chlorine (HgO + 201 = 010 + HgCl), and corrosive sublimate as well as hypo- 
chlorous acid results. In performing this experiment, unless the temperature 
is kept low, oxygen only will be liberated. The gas is formed of a volume 
of chlorine united to half a volume of oxygen, these being condensed into 
one volume of the compound. The specific gravity of the gas is in accord- 
ance with this constitution ; for one half volume of oxygen=0-5528 + 2-4816 
sp. gr. of chlorine=3'0404. Its specific gravity is, therefore, 3*04, and 100 
c. i. weigh 94*16 grains. 

According to Regnault, water dissolves at least tw^o Mmdred times its 
volume of this gas, forming a pale yellow-colored liquid. The solution pos- 
sesses powerfully bleaching properties ; twice as great in proportion as those 
of chlorine. This is probably owing to the nascent oxygen which is evolved 
in its decomposition. It is decomposed by the non-metallic substances, 
which act upon the gas, and is a most powerful oxidizing agent. It will 
even oxidize the. chloride of potassium, and convert it to chlorate of potassa. 
12 
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It throws down peroxide of lead from a solution of the chloride of that 
metal, and sesquioxide of manganese from the chloride. A solution of chlo- 
rine produces these effects only under the agency of light. (Kegnault.) 
Chloride of silver exerts upon it a catalytic action, resolving it into its elements 
without undergoing any change. A concentrated solution of the gas is 
decomposed by hydrochloric acid, and chlorine is evolved (HC1+C10=H0 = 
2C1). If the liquids are mixed at a low temperature, a solid crystalline 
hydrate of chlorine is obtained. 

2. Chlorous ^c^<i' (0103= 60). —This is a gaseous acid of a greenish-yel- 
low color, not easily liquefied by cold. It may be procured by mixing 8 
parts of arsenious acid with 4 parts of chlorate of potassa and sufficient 
water to make a paste, and adding to the mixture in a retort 12 parts of 
nitric acid diluted with 4 parts of water. This mixture, distilled in a water- 
bath, yields a greenish-yellow colored gas (chlorous acid) of a specific gravity 
of 2*646. (Regnault.) Water dissolves five or six times its volume: the 
solution has a golden-yellow color. The chloric acid is deoxidized by the 
arsenious acid, which is converted during the process into arsenic acid. The 
gas can be collected only in the dry way, as it is very soluble in water, and 
is decomposed by mercury. It is converted by explosion into chlorine and 
oxygen at about 130°. Like hypochlorous acid, it oxidizes with explosion, 
many of the non-metallic bodies. It is a powerful bleaching agent, and is 
a monobasic acid, forming chlorites with bases. The specific gravity of the 
gaseous acid shows that it must contain in each volume one volume of oxy- 
gen and two-thirds of a volume of chlorine — 1*105 i[ + l*6584==2*t64, which 
does not widely differ from the specific gravity actually determined. In re- 
ference to its couvstitution by volume, it is usually considered that two volumes 
of chlorine (two atoms), and three volumes of oxygen (six atoms), are con- 
densed into three volumes or atoms of the compound. 

3. Peroxide of Chlorine (0104=68).— This compound, which is some- 
times called hypochloric acid, was discovered by Davy, in 1815. It may be 
procured by acting on fused chlorate of potassa by concentrated sulphuric 
acid, in the proportion of one part of the salt to three parts of acid. The 
materials in small quantity may be heated in a tube-retort by a water-bath, 
at a temperature not exceeding 100°. The gas is soluble in water, which 
will take up twenty times its volume ; and it is decomposed by mercury, 
hence it can be collected only by displacement. The gas is of a yellowish 
color, and has a peculiar odor resembling chlorine; it is not acid in reaction, 
but it has strong bleaching properties. It is decomposed with explosion at 
about 140°. Phosphorus produces with it violent combustion even under 
water. This experiment may be performed by placing the powdered chlo- 
rate in a tall conical glass with a small quantity of phosphorus, and covering 
the mixture with cold water. On pouring concentrated sulphuric acid into 
the mixture by a long funnel the peroxide is set free, and the phosphorus 
burns with bright scintillations, producing phosphoric acid. The gas may 
be readily liquefied by cold and pressure. Although not acid, it is dissolved 
by alkaline liquids, but it forms no saline combinations.: on evaporating the 
alkaline solution, a chlorite and chlorate of the alkali are obtained (20104= 
ClOg+ClOg). The specific gravity of the gas is 2*33. This nearly corre- 
sponds to half a volume of chlorine and one volume of oxygen in each 
volume (1'2488-f l'105'r=2'3495), or in two volumes there would be one 
volume of chlorine and two volumes of oxygen. 

4. Ohloric Acid (0105=16). — This acid was discovered by Gay-Lussac 
{Ann. de Chim., xci. 108). It cannot exist independently of an atom of 
water, or of some base, so that it has not been obtained anhydrous ; the 
hydrated acid, in its state of extreme concentration, being HO,C105=85. 
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In depriving it of water it is converted into peroxide of chlorine and oxygen. 
Hydrated chloric acid may be prepared by adding diluted sulphuric acid to 
a solution of chlorate of baryta, as long as it occasions a precipitate. The 
baryta is thus separated in the form of an insoluble sulphate, and the chloric 
acid remains in aqueous solution. Care must be taken to add no more sul- 
phuric acid than is requisite, for any excess contaminates the chloric acid. 
If the exact proportion has been used, the chloric acid is neither rendered 
turbid by diluted sulphuric acid nor by chlorate of baryta. If either of these 
occasions a precipitate, the solution must be carefully added till the effect- 
ceases ; the clear liquid may then be decanted or filtered off. It may be 
concentrated by evaporation in vacuo until it acquires a syrupy consistency. 
It may also be procured by the action of fluosilicic acid on chlorate of potassa. 
A hot aqueous solution of chlorate of potassa is mixed with excess of fluosilicic 
acid ; the acid liquid, when cold, is filtered, evaporated below 80°, and, after 
two days, filtered through powdered glass. 

Hydrated chloric acid is a sour liquid, and of a yellowish tint when highly 
concentrated. It deoxidizes permanganate of potassa and destroys its color. 
It reddens vegetable blues, and then bleaches them. When added to a 
strong solution of potassa, crystals of chlorate of potassa are deposited. 
When concentrated, it acts powerfully, and even to ignition, upon paper, 
cotton, and some other dry organic bodies ; it decomposes alcohol, with the 
formation of acetic acid. The most remarkable of its salts, which are now 
termed chlorates, were formerly known under the name of oxymuriates, or 
hyperoxymuriates. When distilled at a higher temperature than 100°, it 
suffers decomposition, and a portion of chlorine and oxygen are liberated, 
perchloric acid passing over, but no chloric acid. It is decomposed by hydro- 
chloric acid into chlorine and water, 5HC1 + C105=5H0 + 6C1. This mix- 
ture dissolves gold, and is sometimes employed for the oxidation and destruction 
of organic matter in toxicological researches. By excess of sulphurous acid, 
it produces sulphuric and hydrochloric acids ; 6SO2+ C105,E[0 = 6SO3+ HCl : 
and by excess of sulphuretted hydrogen it forms water, hydrochloric acid, 
and sulphur; 6HS + C105=5HO,-fHCl+6S. Those acids which are 
already saturated with oxygen, do not act upon it. 

Chlorates,- — These salts are MO4-CIO5 They deflagrate powerfully with 
combustible matter, and often by mere friction, {See Chlorate of Potassa.) 
They are all soluble in water. By heat they are mostly resolved into chlo- 
rides and evolve oxygen. The electrolysis of the chlorate, when in igneous 
fusion, has been found by M. Gerardin to present an exception to the general 
results of the decomposition of salts by current electricity. Thus, in reference 
to the salts of potassa and soda, in igneous fusion, it was observed that the 
oxygen only was set free at the positive pole, the radicals of both acid and 
base appearing at the negative pole. In thus decomposing the fused chlorate 
of potassa, however, it was found that the oxygen and chlorine appeared at 
the positive pole in a state of mixture, and the potassium at the negative. 
This apparent anomaly is probably due to the simultaneous decomposition 
of the chloride of potassium produced by the effect of heat on the chlorate 
{Cosmos, Oct, 25, 1861, p. 411.) 

A chlorate is easily identified by adding to a small portion in powder a 
drop of sulphuric acid. The odor of peroxide of chlorine is immediately 
perceived. If a grain or two of white sugar be added to the mixture, there 
will be immediate combustion. A solution of a chlorate colored with indigo 
has the color discharged in the cold, by the addition of sulphurous acid. 
When indigo is mixed with the solution of a nitrate, and sulphurous acid is 
added, the color is not discharged until the mixture has been heated. '' 

The euchlorine of Davy, which was produced by the reaction of hydro- 
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chloric acid on chlorate of potassa, was probably a compound of chlorous 
acid and chlorine. 

5. Perchloric Acid, ClOy, or as hydrate = HO, ClOy, was discovered by 
Count Stadion. It is unknown in the anhydrous state, but it may be pro- 
cured as hydrate by distilling perchlorate of potassa with its own weight of 
sulphuric acid, diluted with about a fourth part of water. At a temperature 
of about 280^, white vapors pass off, which condense in the form of a color- 
less liquid. 

• Another method consists in decomposing a hot solution of chlorate of 
potassa with fluosilicic acid, concentrating the chloric acid by boiling, and 
subsequently distilling the residue. Dr. Eoscoe found that one atom of 
perchlorate of potassa, distilled with four atoms of concentrated sulphuric 
acid, also yielded the concentrated hydrate. It is considered to be a more 
stable compound than the preceding, as it is not decomposed by sulphuric 
or hydrochloric acid. When concentrated, its specific gravity is 1*6, and it 
boils at 392^. By distillation with strong sulphuric acid, it may be obtained 
in the solid form and crystallized. 

The properties of the concentrated acid have been lately examined by Dr, 
Roscoe {Ptoc, of Brit. Assoc. ^ Sept. 1861). He procured it as a colorless, 
heavy (sp .gr. I*t82), oily-looking liquid, highly corrosive, and giving off, 
when heated in air, dense white vapors. It is one of the most powerful 
oxidizing agents known ; a single drop brought into contact with charcoal, 
paper, wood, alcohol, ether, and other combustibles, caused explosive com- 
bustion resembling that of the chloride of nitrogen. It could not be kept 
long, even in sealed glass tubes placed in the dark. It underwent sponta- 
neous decomposition, blowing the glass vessel to pieces. When mixed with 
water, it produced a hissing noise, with the evolution of great heat, forming 
a crystalline compound. It could not be distilled without decomposition. 
The acid contains 61 per cent, of oxygen. The solution has a strongly acid 
reaction, but no bleaching properties. 

Per chlorates. Oxychlorates. — These salts have the formula MO-fClO^. 
Although more abundant in oxygen, they are of less explosive tendency, and 
less easily decomposed by heat than the chlorates, like which they are 
resolved either into chlorides and oxygen gas, or into lower oxides, oxygen, 
and chlorine : they are all soluble in boiling water, but the perchlorate of 
potassa requires 150 parts of cold water to dissolve it. A perchlorate is 
known from a chlorate by the non-production of peroxide of chlorine when 
strong sulphuric acid is added to it. 

Chlorine and Hydrogen.— There is only one compound of these elements 
— an anhydrous gaseous hydracid, known as hydrochloric or muriatic acid 
gas. It was discovered by Priestley in lit 2. 

Hydrochloric Acid (HOI =37). GUorliydric or Muriatic Acid. — Chlo- 
rine and hydrogen, when mixed in equal volumes, combine directly to 
produce hydrochloric acid gas. If a lighted taper is applied to the mixture, 
or the electric spark is discharged into it, there is immediate combination, 
with a violent explosion. This also happens when the mixed gases are 
exposed to the direct rays of the sun, the lime-light, or the light of burning 
phosphorus. The combination takes place more slowly and gradually in 
diffused daylight, and is totally arrested in the dark. A mixture of the two 
gases placed in a graduated vessel over water may be employed for photo- 
metrical purposes, the amount of absorption as a result of combination, 
indicating the intensity of light. 

Preparation.— -Th^ gas is generally procured by acting upon common salt 
with sulphuric acid ; it must be collected over mercury. The proportions 



SOLUTION OF HYDROCHLORIC ACID. 181 

are one part of salt to two parts of acid. The salt should be fused, coarsely- 
powdered, and put into a tubulated retort, which may be one-fourth filled 
with it : the sulphuric acid should barely cover the salt ; the gas is instantly 
extricated, and when its evolution slackens, it may be quickened by the 
gentle heat of a lamp. It is convenient to put a long strip of blotting- 
paper into the neck of the retort, which absorbs any liquid that may chance 
to go over, and prevents its soiling the mercury. Clean and dry bottles may- 
be filled with this gas by displacement, as it has a high specific gravity. 
The chemical changes maybe thus represented: NaCl-f S03,H0==HCl--{- 
NaO,S03. 

Properties. — Although permanently gaseous at common temperatures and 
pressures, Mr. Faraday liquefied this gas by generating it in a sealed tube, 
so as to expose it to a pressure of about forty atmospheres at 50^. It was 
colorless, and possessed a refractf'^e power inferior to that of water. He 
could not succeed in solidifying it. {Phil. Trans., 1823; and 1845, p. 163.) 
Hydrochloric acid gas is perfectly irrespirable ; it extinguishes the flame of 
a taper, and of all combustible bodies, and is itself uninflammable. It 
irritates the skin ; has a strong attraction for water ; and when it escapes 
into the air, it forms visible fumes, arising from its combination with 
aqueous vapor. A piece of ice introduced into the gas over mercury, is 
immediately liquefied and the gas is absorbed by the liquid. If a tall jar of 
the gas be carefully transferred, with its mouth downwards, from the mercu- 
rial to the water-trough, the water instantly rushes in with violence, and fills 
it. The gas has no bleaching properties, but it strongly reddens litmus- 
paper. In the dry state, it undergoes no change by exposure to heat ; but 
when mixed with air and passed over broken pumice, heated to redness, 
aqueous vapor and chlorine result. (Pelouze.) 

Water takes up 480 to 500 times its bulk of hydrochloric acid gas, at 40^, 
and has its specific gravity increased from 1 to 1*210. (H. Davy.) This 
may be shown by throwing up a few drops of water into a tall jar of the gas 
standing over mercury ; the gas disappears, and the mercury fills the vessel. 
There is considerable elevation of temperature during this condensation of 
the gas. This experiment may be performed like that described at page 194, 
using a solution of blue in place of red litmus. Entire absorption is a proof 
of the purity of the gas. 

For saturating water with the acid gas, we may employ a tubulated retort 
or flask, connected with a globe receiver from which issues a tube bent at a 
right angle, and just dipping below the surface of distilled water contained 
in a bottle. The bottle should be closed and the water kept cool, as much 
heat is given out during the condensation of the gas. The difi'erent joints 
of the apparatus may be secured either by grinding, or by well-cut corks 
rendered tight by a mixture of drying-oil and pipe-clay. The retort or flask 
may be gently heated by a sand-bath. The bottle should be only half filled 
with water, as, in dissolving the gas, it increases from one-third to two-thirds 
in volume. 

Solution. — When gaseous hydrochloric acid is thus dissolved in water, it 
forms the liquid hydrochloric acid, commonly called muriatic acid or spirit 
of salt, which was discovered by Glauber about the middle of the seventeenth 
century. It is generally procured by distilling a mixture of dilute sulphuric 
acid and common salt. The proportions directed in the " London Pharma- 
copoeia" are two pounds of salt and twenty ounces of sulphuric acid, diluted 
with twelve ounces of water. The retort containing these ingredients may 
be luted on to a receiver, containing the same quantity of water used in 
dilating the sulphuric acid, and the distillation carried on in a sand-bath. 
The specific gravity of the product is stated to be 1"160, and 100 grains of 
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it should be saturated by 132 grains of crystallized carbonate of soda. The 
following will be found convenient proportions for procuring the acid--6 
ounces of salt, previously fused, 8| ounces by measure of sulphuric acid (sp. 
gr. r65), and 4 ounces of water. An acid of ri5 sp. gr. is obtained. In 
order to procure the acid of greater strength (1'21) we may employ the 
weak acid in place of water and sulphuric acid, in a second distillation with 
fused salt. (Gregory. ) The quantity of real acid in hydrochloric acid of 
different densities may be ascertained by the quantity of pure carbonate of 
lime (Carrara marble) which a given weight of the acid will dissolve. Every 
fifty grains of the carbonate are equivalent to thirty-seven of real acid. 

When this acid is pure and concentrated, it should be colorless, but it has 
generally a pale yellow hue arising from particles of cork or lute that may 
have accidentally fallen into it, or sometimes from a little iron. The acid of 
commerce almost always contains iron, stlphuric acid, and sometimes nitric 
acid, as well as common salt. The iron may be detected by the black tint 
produced by tincture of galls, in the acid previously diluted and neutralised 
by carbonate of soda. If a solution of chloride of barium, dropped into 
the diluted acid, occasion a white cloud or precipitate, it announces sulphuric 
acid. The presence of nitric acid (and of free chlorine and bromine F) is 
shown by boiling some gold-leaf in the suspected hydrochloric acid, and 
then dropping into it, a solution of protochloride of tin. If nitric acid be 
present, this will produce a purplish tint, showing the gold to have been 
acted upon, which it is not by pure hydrochloric acid. Common salt and 
other saline substances may be detected in it by evaporating the acid to 
dryness ; when pure, it leaves no residue. Traces of arsenic also frequently 
exist in hydrochloric acid. This impurity is derived from the sulphuric 
acid used in its formation. It may be deprived of arsenic by distilling it 
over a small quantity of sulphide of barium. 

The highly concentrated liquid acid (sp. gr. 1'20) is very corrosive, emits 
copious fumes when exposed to air, and boils, according to Dalton, at a tem- 
perature of about 11 2° ; it freezes at — 60^. The boiling-point varies with 
the density of the acid; it is highest (230°) when it contains between 19 and 
20 per cent, of the dry gas. (sp. gr. 1-094.) The strong acid becomes 
weaker, and the weak acid stronger by boiling. It is impossible to expel the 
whole of the gas by boiling. At a sp. gr. of 1 '096, acid and water are distilled 
over together. When mixed with water, there is a slight elevation of tempera- 
ture. It is decomposed by many oxacids, such as the chloric, iodic, and bromic 
acids, and several of the metallic peroxides. Its decomposition by peroxide of 
manganese, for the production of gaseous chlorine, has already been referred to 
(page 1*13). This may be regarded as a good test for the presence of the acid. 
When metallic zinc is put into strong liquid hydrocholoric acid, it is 
rapidly decomposed, and hydrogen is copiously evolved. Some peroxide of 
lead added to another portion of the acid immediately disengages chlorinej 
which may be shown by its bleaching power upon a piece of litmus paper ; 
these experiments well illustrate the separation of the two elements of the 
acid. In the voltaic circuit the chlorine is evolved at the positive electrode 
or anode, and the hydrogen at the negative electrode or cathode, so that 
when thus electrolyzed and tinged with indigo, a bleaching effect is produced 
at the anode. Uncombined. hydrochloric acid is not found in nature except 
as an occasional volcanic product. The acid is an irritant poison to animals, 
and its vapors are extremely injurious to vegetation ; when mixed with 
20,000 times its volume^of atmospheric air, it proved fatal to plants, shriv- 
elling and killing all the leaves in twenty-four hours. 

The following table, by Mr. E. Davy, calculated for 40° and a pressure 
of 30 inches, shows the strength of hydrochloric acid of different densities :— 
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According to Dr. Thompson, the strongest liquid hydrochloric acid (sp, 
gr. 1'203) contains 1 atom of real acid + 6 atoms of water; when this is 
evaporated in the air, hydrocholoric acid escapes, and it is ultimately reduced 
to 1 atom of acid+12 of water (sp. gr. I'll 9). This hydrate is said to 
have a sp. gr. of 1*128 at 58^, and it boils at 223^. When a solution of 
hydrochloric acid is distilled, a quantity of gas escapes in the first instance ; 
but acid and water soon begin to be distilled together, and the boiling 
point remains fixed at 230^. This new hydrate has a sp. gr. of 1-094, and 
it is found to contain 16 atoms of water. There are therefore, according 
to Bineau, three hydrates of this acid— HC1,6H0 : HC1,12H0: and HCl, 
16H0. Pure hydrochloric acid of convenient strength for use in the labo- 
ratory may be obtained by diluting the strongest acid with about its vol- 
ume of water, so as to reduce its density to about I'l, and then distilling 
it over a little chloride of barium. The acid carries over a sufficiency of 
water for condensation, which may be effected by Liebig's condenser. Acid 
of this strength does not fume on exposure to air. 

The concentrated acid, at a high temperature, carbonizes and destroys 
organic matter. It has, generally speaking, no action on non-metallic bodies ; 
and ainong metals it is not decomposed by gold, platinum, mercury, or sil- 
ver. If pure, it may be boiled on these metals without change. Its chlo- 
rine is taken by lead, tin, zinc, and iron, hydrogen being set free. Its action 
on copper is peculiar. In the concentrated state and under a free access of 
oxygen or air, the acid loses its hydrogen, which forms water, and oxychlo- 
ride of copper is produced. By means of copper and hydrochloric acid, 
the whole of the oxygen may be removed from a confined volume of a air. 
{See Mtrogen, p. 141.) It is decomposed by the alkaline metals, chlorides 
being formed, and the hydrogen liberated. Metallic oxides, including the 
alkalies, decompose it, producing water and a chloride (KO+HCl=HO-f 
KCI.) Some bases, however, appear to enter into direct combination with 
it- — among these maybe mentioned magnesia, alumina, and, according to some 
chemists, the oxides of chromium and cobalt. These appear to form both 
hydrochlorates as well as chlorides. Morphia and the vegetable alkaloids 
form hydrochlorates only. 

Equivalent and Composition..— When equal volumes of chlorine and hydro- 
gen are mixed, and the electric spark is passed through the mixture, the 
gases unite, without change of volume, to produce hydrochloric acid, which 
is entirely absorbed by water. If exposed to diffused light over water, they 
combine and slowly disappear— the water dissolving the compound ,.as it is 
produced. The synthetic production of this acid gas may be shown by in- 
flaming a jet of hydrogen and introducing it into a jar of chlorine. It will 
continue to burn and produce hydrochloric acid. By heating potassium in 
a measured quantity of the gas, the chlorine is removed and the volume of 
the gas is reduced to one-half-~-th[e residue being pure hydrogen. The spe- 
cific gravity of the gas is l'2t83. This is equivalent to one-half of the sp. 
gr. of chlorine, plus one-half of the sp. gr. of hydrogen. Hence it is thus 
constituted :— 
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Atoms, Weiglits. Per cent. Volumes. Sp. Gr, 

Hydrogen ... 1 ... 1 ... 2-7 ... 1 ... 0-0691 

Chlorine . . 1 ... 36 ... 97-3 ... 1 ... 2-4876 



Hydrochloric acid . 1 37 100-0 2 2-5567 

and 2-5567-T-2=l-2783. Compared with bydrogen, its sp. gr. is 18'5; 100 
cubic inches weigh 39*59 grains. 

Tests. — The gas is known by its acid reaction, great solubility in water, 
the dense fumes which it produces in a humid atmosphere, and the white 
fumes of hydrochlorate of ammonia which are evolved when a glass rod, 
dipped in a strong solution of ammonia, is brought near to it. The produc- 
tion of a solid compound by the combination of the two gases, may be 
well illustrated by placing a small jar of dry ammonia within a tall stoppered 
jar. When the ammonia is proved, by its reaction on test-paper, to have 
reached, by diffusion, the top of the bell-jar, the stopper may be removed 
and a jar of hydrochloric acid gas placed over the opening. The gases im- 
mediately combine, and the hydrochlorate of ammonia formed, descends in a 
dense white cloud. A solution of hydrochloric acid in the concentrated 
state, may be identified by its evolving chlorine when boiled with peroxide 
of manganese. In the diluted state, it is recognized by giving a white- 
clotted precipitate with a solution of nitrate of silver (AgCl) which is inso- 
luble in nitric acid, and becomes slate-colored and ultimately blackens by 
exposure to light. 

NiTRO-HYDROOHLORic AciD. NiTRO-MURiATic AciD. — This term has been 
applied to the Aqua Regia of the alchemists. When nitric and hydrochloric 
acids are mixed, they become yellow, and acquire the power of dissolving 
gold and platinum, which neither of the acids possesses separately. This 
mixture, when heated, evolves chlorine, a partial decomposition of both acids 
taking place. .Three parts of hydrochloric and one of nitric acid, furnish the 
most effective mixture ; but a solution having the same general properties, 
is obtained by adding nitre to hydrochloric acid, or common salt to nitric 
acid. In the mutual decomposition of the two acids by heat, chlorine is 
evolved until one of the acids is entirely decomposed. When a metal is put 
into nitro-hydrochloric acid, it is not dissolved by either of these acids, but 
by the nascent chlorine, the metal combining with it as fast as it is evolved. 
The application of heat greatly accelerates this action, but much chlorine 
may be lost by employing too high a temperature. The red vapors which 
escape on heating the mixture may be condensed by distillation. The con- 
densed liquid is known as Ghloronitric acid, and has the composition NO^Clg. 
The reaction by which it is produced may be thus represented: (ISrO.HO-f- 
3B[Cl=N02Cl3+Cl+4HO). Towards the end of the distillation, another 
compound, called Chloro-nitrous acid, is produced. This has the composi- 
tion I^O^Cl, and is thus formed: (NO„HO4-3IICl=NO,0i + 20i4-4HO). 
This is a gaseous acid of a deep orange-red color; it may be procured by the 
direct union of deutoxide of nitrogen to one-half of its volume of chlorine. 
During the solution of metals in this acid, the production of a metallic chlo- 
ride and of deutoxide of nitrogen, may be thus represented: (SM + ISFO^H- 
3H01=3MC1-1-N03+3HO). Nitro-hydrochloric acid is the common sol- 
vent of gold and platinum, and may, with proper precautions, be used in the 
separation of these metals from silver, which remains as an insoluble chloride. 
It furnishes a useful solution of tin; and is employed in the analysis of mine- 
rals containing sulphur, to separate and acidify that substance. 

ISflTROGEN AND CHLORINE. CHLORIDE OF NlTROGEN; TeR-CHLORXDE OF 

Nitrogen. NCI3. — The gases do not unite directly, but the compound may 
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be obtained by exposing a solution of nitrate or hydrochlorate of ammonia 
to the action of chlorine, at a temperature of 60^ or tO^. The gas is ab- 
sorbed, and a yellow oil-like fluid, heavier than water, is produced by the 
union of the nascent nitrogen (evolved in the decomposition of the ammonia 
of the salt) with the chlorine. ]S[H3,HCl, + 6Cl=4HCl+NCl3. It was dis- 
covered by Dulong, in 1812, and its properties were afterwards investigated 
by Davy. 

The simplest mode of obtaining this compound consists in filling a per- 
fectly clean glass basin with a solution of 1 part of sal-ammoniac in 12 or 15 
of water, and inverting in it a tall jar of chlorine. The saline solution is 
gradually absorbed and rises into the jar, a film forms upon its surface, and 
it acquires a yellow color ; at length small globules of the pure chloride of 
nitrogen, looking like a yellow oil, collect upon its surface, and successively 
fall into the basin beneath. Balard obtained this compound by suspending 
'a piece of sulphate of ammonia in a strong solution of hypochlorous acid. 

The specific gravity of chloride of nitrogen is 1 "65 ; it is not congealed by cold. 
Its odor is irritating and peculiar ; it very soon evaporates when exposed to air. 
It is apparently a non-conductor of electricity. It is dangerously explosive, 
and is decomposed with violent detonation by mere contact with many com- 
bustibles, especially phosphorus, oil of turpentine, and the fixed oils. In 
making these experiments, great caution is required. Dulong lost an eye 
and the use of a finger, and Sir H. Davy was wounded in the face, by the 
effects of its detonation. The explosion takes place with a flash of light, 
and the vessel containing the substance is shattered. A leaden basin should 
therefore be used for the experiment. At 160^ it distils without change, 
but at 212° it explodes, and is decomposed. 

The production of light and heat in the decomposition of this compound 
does not admit of explanation on any of the ordinary theories of combus- 
tion. In combustion bodies unite, and light and heat are the products of 
their union and condensation. In reference to this chloride, however, as 
well as the oxides of chlorine and the iodide of nitrogen, the light and heat 
are the results of the separation of the elements. 

The composition of this chloride, although given as NClg, is by some con- 
sidered to be NCI4. Its true constitution is not accurately known. From 
the researches of Millon it probably contains hydrogen. When mixed with 
concentrated hydrochloric acid it forms ammonia, and chlorine is evolved. 
It is slowly decomposed by diluted solution of ammonia — hydrochlorate of 
ammonia is formed, and nitrogen is evolved. Even when kept in water in 
a stoppered bottle it slowly disappears, while nitric and hydrochloric acids 
are formed. 



CHAPTER XVI. 

BROMINE — IODINE— FLUORINE; AND THEIR COMPOUNDS. 
BROMINE (Br = 78). 

History and Preparation. — Bromine was discovered, in 1826, by M. Balard, 
of Montpelier, in the uncrystallizable residue of sea-water, commonly called 
hittern. A current of chlorine, passed through this, liquid, gives to it an 
orange tint, in consequence of the evolution of bromine from its combina- 
tions (MgBr4-Cl=Br + MgCl). A portion of sulphuric ether is then shaken 
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up with tlie colored liquid ; this abstracts the bromine, acquires a reddish- 
brown tint, and rises to the surface. The ethereal solution is drawn off and 
agitated with a strong solution of potassa, by which a solution of bromate 
of potassa and bromide of potassium is formed : the ether, floating upon the 
surface, may be separated and used again ; the denser liquid is then evapo- 
rated to dryness, and the residue, exposed to a dull-red heat, leaves bromide 
of potassium. Purified bromide of potassium is usually employed for pro- 
curing bromine ; but the bromide of barium is preferable, as this salt may 
be obtained entirely free from chloride. The bromide in fine powder is 
mixed with half its weight of peroxide of manganese, and its weight of sul- 
phuric acid previously diluted with half its weight of water ; and the mix- 
ture is distilled into a cold receiver containing water, and into which the 
beak of the retort or condenser just dips. The deep orange-colored vapor 
of bromine is condensed, and the liquid bromine, which falls to the bottom 
of the vessel, is separated from the water, and is afterwards dehydrated, if 
necessary, by distilling it over chloride of calcium [2(S03HO)+KBr4-Mn03 
=KO,S03+MnO,S03+Br-f 2H0]. Should the liquid from which bro- 
mine is to be obtained contain iodine, this must be first separated in the 
form of subiodide of copper (CuJ), by the addition of a solution of 1 part 
of sulphate of copper, and 2 J parts of sulphate of iron. 

Bromine probably exists in sea-water in the state of bromide of magne- 
sium, but its relative proportion is exceedingly minute. One hundred pounds 
of sea- water, at Trieste, afforded only 5 grains of bromide of sodium =3 '3 
grains of bromine: it is there unaccompanied by iodine; and the same is 
the case, according to Hermbstadt, in the waters of the Dead Sea. In the 
Mediterranean, on the contrary, iodine accompanies it. Schweitzer found 
bromide of magnesium in the waters of the British Channel. Sea-water 
sometimes contains as much as one grain of bromine in a gallon. Bromine 
is found in the mineral kingdom combined with silver. 

The presence of bromine is recognized either in sea-water or in mineral 
springs, by evaporating the water so as to separate its more crystallizable 
contents, reducing the remainder to a small bulk, and dropping into a con- 
centrated solution of chlorine. In the absence of iodine, which may be 
detected by starch, the appearance of a yellow tint announces bromine. It 
has thus been discovered in many saline springs, in the ashes of marine 
plants, and in those of some marine animals. Among the saline springs 
most abundant in bromine are those of Theodorshal, near Kreutznach, in 
G-ermany; these are now the chief source of bromine as an article of com» 
merce. 

Properties."— 'Ax common temperatures and pressures bromine is a deep 
reddish- brown liquid, of a pungent disagreeable odor, something resembling 
that of oxide of chlorine, whence its name (jSpw^o^, a stench) : its specific 
gravity is about 3 (2*96 to 2*99.) It emits a heavy brownish-red vapor 
of an offensive and irritating nature at common temperatures. This vapor 
has a specific gravity of 5*3898, ' and compared with hydrogen, '78; 100 
cubic inches of it weigh 166*92 grains. It has the color of nitrous or 
hyponitric acid. If respired in a diluted state, it causes a sense of suffo- 
cation and great irritation in the nose and throat, producing all the effects 
of a severe cold, sometimes lasting for several days. The vapor is so heavy, 
that it may be readily poured into and collected in dry jars; it then appears 
like an orange-colored gas. It bleaches litmus-paper as well as solutions 
of organic colors (litmus, aniline-red, indigo, and ink) with the same power 
as chlorine. The dry vapor, like dry chlorine, does not bleach ; hence the 
bleaching probably depends on the decomposition of aqueous vapor and the 
effect of nascent oxygen. Its affinity for hydrogen is not so great as that 
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of chlorine. If tbe air has been entirely displaced by the vapor, a lighted 
taper, inflamed camphor, or ether, introduced into a jar of it, is instantly 
extinguished. Bromine vapor, therefore, is a non-supporter of ordinary 
combustion. The vapor produces with ammonia dense white fumes of bro- 
mide of ammonium. It decomposes hydriodic acid gas, setting free the 
purple vapor of iodine when a small quantity of it is poured into a jar con- 
taining that gas. It also decomposes the solutions of the alkaline iodides; 
bromides are formed, and iodine is separated. Place in a large shallow 
dish a thin solution of starch, to which a solution of iodide of potassium 
has been added. Allow the vapor of bromine to fall from a bottle containing 
this liquid, upon the starch ; the blue iodide of starch will be immediately 
produced. This experiment, at the same time, serves to illustrate the. great 
density of the vapor. 

If a jar containing bromine vapor, is inverted over another containing 
sulphuretted hydrogen, the sulphur is precipitated, and hydrobromic acid is 
formed. It is almost as effectual as chlorine in destroying foul effluvia, but 
its vapor is too noxious and irritating to render it practically useful for this 
purpose. 

As a liquid, bromine boils at 145^. It is solidified when cooled to — T-6, 
and retains this condition up to 10-4, (Pelouze.) Its vapor, in spite of 
its density, is so diffusive,, that one drop of the liquid placed in a large globe 
receiver, or jar, will speedily give a color to the whole of the gaseous con- 
tents. Bromine is a non-conductor of electricity, and appears in the voltaic 
circuit at the positive electrode. It suffers no change by transmission through 
red-hot tubes. It dissolves sparingly in water (1 part in 33), forming an 
amber-colored solution of an astringent, but not sour taste, from which the 
bromine escapes by exposure, and rapidly by boiling: when long kept, 
especially if exposed to light, it becomes acid from the formation of hydro- 
bromic acid. It forms, under certain circumstances, a definite hydrate, 
which may be obtained by exposing bromine with a small quantity of water 
to a temperature of 32^ ; red octohedral crystals of the hydrate of bromine 
are then deposited, which continue permanent at the temperature of 50°, 
and contain 10 equivalents of water. At a higher temperature they are 
decomposed into liquid bromine and an aqueous solution of it. The hydrate 
is also obtained by passing the vapor of bromine through a moistened tube 
cooled nearly to the freezing-point. Bromine dissolves in alcohol, and more 
abundantly in ether and chloroform : — these two liquids readily separate it 
from its aqueous solution. It communicates an orange tint to a solution 
of starch. Antimony burns in it; and it combines with potassium and 
phosphorus with explosive violence. Its action on alkaline solutions is 
analogous to that of chlorine and iodine. It stains the skin of a yellow 
color, and irritates it ; it acts as a corrosive upon most vegetable and animal 
substances, and is fatal to animal life ; a single drop placed in the beak of a 
bird will kill it. 

Bromio Acid (BrO^j). — This is the only known compound of bromine and , 
oxygen. Bromic acid is obtained by the decomposition of a solution of bro- 
mate of baryta by diluted sulphuric acid : sulphate of baryta is precipitated, 
and a solution of bromic acid is obtained, which may be concentrated by 
slow evaporation ; at a high temperature it is partly decomposed, and can- 
not be obtained anhydrous. It is colorless, acid, inodorous, and first reddens, 
and then destroys the blue of litmus. It is partially decomposed by con- 
centrated sulphuric acid, but not by nitric acid. It is decomposed by sul- 
phurous acid, by sulphuretted hydrogen, and by hydriodic and hydrochloric 
acids. From the analysis of bromate of potassa, there can be no doubt 
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that the bromic acid is analogous in composition and chemical properties 
to the chloric and iodic acids. As it is always in the state of hydrate, its 
proper formula is BrOgjHO. 

Bromates. These salts are represented by MO + Br O5; they are resolved 
at a red heat, either into bromides and 6 atoms of oxygen, or into 5 atoms 
of oxygen and 1 of bromine, a metallic oxide being left : they deflagrate with 
combustibles like the chlorates. They are recognized by evolving bromine, 
when heated with strong sulphuric acid. 

HYDRoaEN AND Bromine. Hydrobromic Acid (HBr=*r9). — Bromine 
vapor and hydrogen do not combine with each other, either under the influ- 
ence of the sun's rays, or by the application of a lighted taper or the electric 
spark ; but when they are passed through a tube heated to redness, the 
vapor and gas combine, and hydrobromic acid is produced. This gaseous 
acid may be procured by gently heating a mixture of 1 part of phosphorus, 
12-5 of bromine, and 7*8 of bromide of potassium, with a little water. 
(MiLLON.) Hydrobromic acid is evolved in dense white fumes when bro- 
mide of potassium is decomposed by sulphuric acid; KBr+S03,H0= 
HBr + K0,S03 ; but in this case a portion of it is decomposed and bromine 
vapor escapes; KBr+2S03HO=Br+S034-KO,S03-f2HO. Phosphoric 
acid is not liable to this objection, hence a strong solution of this acid may 
be mixed with the bromide of potassium in place of the sulphuric, and the 
mixture distilled. 

This compound, although gaseous at common temperatures and pressures, 
condenses into a clear, colorless liquid at 100° below 0° : at 124° below 0°, 
it is a transparent crystalline solid. As a gas it is colorless, of a pungent 
and highly irritating odor, and yields dense acid vapors when mixed with 
humid air. It undergoes no change when passed through a red-hot tube, 
either alone or mixed with oxygen or iodine ; but chlorine decomposes it, 
producing the vapor and drops of liquid bromine, which, being absorbed by 
mercury, leaves hydrochloric acid. The attraction of oxygen and of bromine 
for hydrogen, is probably nearly equal ; for bro.mine does not decompose 
water at common temperatures, nor does oxygen decompose hydrobromic 
acid ; but at a red heat bromine decomposes aqueous vapor, hydrobromic 
acid is formed, and oxygen is liberated. Hydrobromic acid gas is not altered 
by mercury, but tin and potassium entirely decompose it ; the former requires 
the aid of heat ; but potassium acts at common temperatures, reducing the 
gas to half its bulk, and forming bromide of potassium. Hence it appears 
that the constitution of hydrobromic acid is analogous to that of hydrochloric 
acid, and that it consists of equal volumes df hydrogen and bromine vapor 
combined without condensation. The w^eight, therefore, of 100 cubic inches 
of hydrobromic acid is 84 'SS grains, and the gas consists of — 

Atoms. Weights. Per cent. Volumes. Sp. Gr. 

Hydrogen . . 1 ... 1 ... 1-266 ... 1 ... 0-069 
Bromine . . 1 ... 78 ... 98-734 ... 1 ... 5-389 



1 79 100-000 2 5-458 

And 5'458-r2=2'729 sp. gr. ; compared with hydrogen, its sp. gr. is 39*5. 
Hydrobromic acid gas is rapidly absorbed by w^ater ; heat is evolved, and 
a fuming liquid acid is obtained, which is colorless when pure, but which 
readily dissolves bromine, and acquires a yellow color. The specific gravity 
of the densest aqueous hydrobromic acid is 1-486. It boils at 258^*8 and 
may be distilled at this temperature. The concentrated acid has the formula 
HBr,10HO. The solution is instantly decomposed by chlorine, acquiring a 
yellow color from the liberation of bromine. Nitric acid also decomposes it, 



IODINE. PREPARATION. 189 

evolving bromine, and forming water and nitric acid. This mixture may be 
considered a sort of aqua regia, as it dissolves gold and platinum. An 
aqueous solution of the acid may be obtained by passing a current of sul- 
phuretted hydrogen gas into a mixture of bromine and water ; but more 
conveniently by decomposing a strong solution of bromide of barium with 
sulphuric acid diluted with its weight of water. On distilling the mixture, 
hydrobromic acid is procured in the receiver. 

When heated with any of the peroxides of metals, the acid is decomposed, 
water is formed, and bromine escapes in vapor. In its reaction on alkalies, 
a bromide and water result (KO+HBr==KBr-t-HO,) except in the case of 
ammonia, in which it is supposed that bromide of ammonium is produced : 
NH3+HBr=NH,Br. 

Bromides. — These salts are readily identified, 1st. By heating them with 
sulphuric acid and peroxide of manganese, when bromine escapes. 2d. When 
dissolved in water — by the solution acquiring a yellow color, and the odor of 
bromine when a solution of chlorine is poured into it. Ether or chloroform 
may then be used to separate the bromine. . 3d. The solution gives a yellow- 
ish-white precipitate with nitrate of silver, insoluble in nitric acid, and re- 
quiring a large quantity of ammonia to dissolve it. 4th. It gives an insolu- 
ble white precipitate with a salt of lead. The insoluble bromides are decom- 
posed by chlorine and strong sulphuric acid, bromine being set free. 

Chloride of Bromine. — By passing chlorine through bromine, and con- 
densing the resulting vapors at a low temperature, a reddish -yellow liquid is 
obtained, having a penetrating odor and disagreeable taste. It is very volatile, 
emitting a yellow vapor ; it is dissolved by water, and the solution destroys 
vegetable colors. 

IODINE. (1 = 126.) 

History. — Iodine was discovered in 1811 by M. Courtois, a chemical 
manufacturer at Paris. It derives its name from the Greek twSj^j (violet- 
colored), from the color of its vapor. 

It is. chiefly prepared at. Glasgow from help, which is the fused ash obtained 
by burning sea-weeds, and is principally manufactured on the west coast of 
Ireland, and the Western Islands of Scotland. The long stems of the 
Fucus palmatus are most productive of iodine. Traces of iodine, in the 
form of iodide of sodium, have been discovered in plants growing near the 
sea, in sea-water, in sponge, in many saline springs, m certain kinds of coal, 
and in the coarser varieties of common salt. Yauquelin detected it in some 
silver ores from Mexico. It has also been found in cod-liver oil, and in the 
oil of the liver of the skate, as well as in the common oyster. The commer- 
cial source of iodine is sea-weed. 

Preparation, — For commercial purposes, a lixivium of kelp, containing 
chiefly iodide of sodium, is employed for the extraction of iodine. It may be 
readily procured by mixing iodide of potassium with half its weight of per- 
oxide of manganese, and its weight of sulphuric acid, previously diluted with 
half its weight of water. The materials may be heated in a short-necked 
retort or flask connected with a large globular receiver which must be kept 
cool. The changes which ensue may be thus represented: (2S03H04-KI-f 
MnO,=KO,S03+MnOS03+2HO-f I.) The iodine is sublimed, and is de- 
povsited in a crystalline form in the cool parts of the receiver. The crystals 
may be washed out of the receiver by a solution of iodine in water, the liquid 
poured pfP, and the deposit rapidly dried between folds of blotting-paper. 
It may be purified by resublfmatiou at a gentle heat. If the alkaline iodide 
in kelp be associated with a large proportion of chloride, the iodine may be 
conveniently precipitated as subiodide of copper (CuJ), by the addition of 
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a mixed solution of sulphate of copper (one part) and of sulphate of iron 
(two and a half parts.) The insoluble subiodide of copper, when heated 
with peroxide of manganese, yields iodine by sublimation. 

Properties. — Iodine has a gray or bluish-black color, resembling plumbago ; 
its lustre is metallic, and its fracture when in a mass, is greasy and lamellar. 
It is a non-conductor of electricity. It is not changed by passing its vapor 
through a red-hot tube, either alone or over charcoal. It is soft and friable. 
Its specific gravity, as a solid, is 4*946. It produces a yellow stain upon 
paper and on the skin, without corroding it Its smell somewhat resembles 
that of diluted chlorine; its taste is acrid. It is extremely volatile, and pro- 
duces a pale violet vapor at a temperature of between 60^ and 80^. This 
vapor may be well 'brought out by dropping a few grains of iodine into a 
large globular glass vessel previously heated. At 120^ or 130^ it rises more 
rapidly in vapor; at 220° it fuses; and at 350° it boils and produces dense 
violet-colored fumes, which are condensed in brilliant rhombic plates and 
octahedra. It may be entirely volatilized by heating it on writing paper. 
One hundred cubic inches of iodine vapor weigh 269'64 grains. Its specific 
gravity, therefore, compared with air, is 8'1066, and with hydrogen, 126. 
Like chlorine and oxygen, it is evolved from its combinations at the positive 
electrode; it is very sparingly soluble in water, this liquid not holding more 
than one 7000th of its weight in solution. The color of this solution is pale 
brown; it gives out no oxygen by exposure to sunshine; it, however, slowly 
loses its color, and gives rise to the formation of iodic and hydriodic acids. 
Iodine is very soluble in alcohol and ether, forming deep brown solutions. 
It is soluble in sulphide of carbon, forming a rich crimson-colored liquid. 
If in a free state, it may be thus detected and removed from strongly colored 
organic liquids. Chloroform also dissolves and separates it from its aqueous 
solution, acquiring a rich purple color. 

It is said to be destitute of bleaching properties, but this arises from the 
small amount of iodine dissolved by water. One ounce of a saturated solu- 
tion contains only about one-sixteenth of a grain. If a few grains of iodide 
of potassium are dissolved in the water, a much larger amount of iodine is 
taken up. This aqueous solution has a dark brown color, and slowly acts 
upoci litmus and indigo when added in sufficient quantity so as to give them 
a light greenish tint. Iodine is very soluble in water containing chloride of 
ammonium, nitrate of ammonia, or hydriodic acid. Either as a solid, or in 
solution, iodine is an irritant poison. 

The violet color of the vapor of iodine, as well as its peculiar odor, is in 
many cases a sufficient evidence of its presence ; a more delicate test, how- 
ever, is furnished by its property of forming a deep blue compound with 
starch. According to Stromeyer, a liquid containing only one 450,000th of 
its weight of iodine, receives a reddish-blue tinge when a solution of starch 
is added to it, provided too much starch is not present. To insure success, 
the iodine should be in a free state, and the solution cold, for heat destroys 
the color. When the proportion of iodine is very minute, a few minutes may 
elapse before the discoloration ensues. When a very minute quantity of 
iodide of sodium or potassium is present in a solution, the addition of chlo- 
rine is necessary; and if a solution of starch be then added, the iodine, set 
free by the chlorine, is detected by the blue color. If too much chlorine or 
starch is added, the blue color of the iodide is destroyed. One or two drops 
of strong nitric acid may be employed as a substitute for chlorine. Any 
compound containing common salt and an alkaUne iodide, mixed with a solu- 
tion of starch, and exposed to voltaic action, yields a blue color at the posi- 
tive electrode. 

The starch-test may be equally applied for the detection of the vapor. 
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Place a few grains of iodine in ajar of 200 c. i. capacity, prey^usly warmed, 
and allow the vapor to diffuse by agitation. Now introduce into the jarj in 
which the vapor is scarcely visible by color, a piece of paper which has been 
dipped in a solution of starch. The blue color will speedily appear, and 
become stronger as the paper is lowered into the jar. The slow diffusion of 
the vapor from the solid may be thus proved. Suspend within a tall bell-jar 
a slip of bibulous paper soaked in a solution of starch. Invert the bell-jar 
over a saucer containing a few crystals of iodine. After some minutes, the 
diffusion of the vapor will be manifested by the blue color acquired by the 
paper, the change proceeding from below upwards. 

The blue compound obtained by adding a solution of iodine to starch is 
not permanently destroyed by heat. Unless the solution has been so long 
boiled that the whole of the iodine has been expelled, the blue color will 
return as the liquid cools. Iodine acts upon iron, zinc, silver, and some 
other metals, by direct contact. It has no solvent power on gold. When 
placed on phosphorus, so much heat is evolved that the phosphorus takes 
fire and burns. In vapor as well as in solution in water, it decomposes 
sulphuretted hydrogen, and sulphur is precipitated. 

Iodine is sometimes adulterated with plumbago, sulphide of antimony, or 
peroxide of manganese ; but these adulterations are easily detected by their 
insolubility in alcohol, or by the residue left on heating the iodine on mica, 
so as to volatilize it. ' The relative quantity of moisture in iodine may be 
ascertained by heating it in a tube, with twice its weight of fused chloride of 
calcium, at a temperature not exceeding the boiling-point of the iodine ; the 
iodine may be expelled by a current of air, and the increase of weight sus- 
tained by the chloride gives the quantity of water. 

Iodine and Oxygen.— -Of the compounds of these elements only two have 
undergone a complete examination, namely, the Iodic and Periodic acids. 

Iodic Acid (lOg).-— This compound cannot be obtained by the direct 
action of oxygen on iodine ; it may be procured by boiling iodine for many 
hours with about five times its weight of the strongest nitric acid. The 
mixture should be introduced into a flask having a long neck, or into a 
retort, in order that the iodine, as it sublimes to the upper part, may be 
returned into the acid, until it disappears entirely : on carefully driving off 
the nitric acid by heat, the iodic acid remains as a white uncrystalline 
solid. It may be dissolved in water, and obtained as a crystalline hydrate. 
By this process four parts of iodine yield four and a half parts of iodic acid. 

The aqueous solution of this acid, when concentrated by evaporation, 
yields a pasty mass, which is hydrated iodic acid, I05,H0. This may be 
crystallized in hexagonal plates, from which some of the water may be driven 
off by the careful application of a higher temperature. It then becomes 
HO,3I05 (360°). At about 100^ it fuses, and is decomposed into oxygen 
and iodine. Iodic acid acts powerfully upon the metals, and with the oxides 
forms a class of salts called iodates. Nitric, sulphuric, phosphoric, and 
boracic acids do not decompose it ; but it is decomposed by hydrochloric, 
hydrofluoric, hydriodic, oxalic, sulphurous, arsenious, hydrosulphuric, and 
other acids. 

When it is mixed with charcoal, sulphur, and some other combustibles, it 
forms compounds which deflagrate ^when heated. The solution of iodic acid 
is decomposed by several organic substances, as by morphia, narcotine, gallic, 
and pyrogallic acids ; and among salts by the sulphocyanides and hypo- 
sulphites, as well as by sulphate of iron. Iodic acid is analogous to the 
chloric : it is composed of : — 
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Iodine . 
Oxygen . 



Atoms, 
. 1 
, 5 


Weights. 

126 

40 


Per cent. 

75-9 
24-1 



Iodic acid . . .1 ... 166 ... 100-0 

lodates.-^The salts are represented by the general formula MOJOg. By 
heat, they either become iodides, losing six atoms of oxygen, or they lose 
iodine and five atoms of oxygen, leaving a metallic oxide. Their deflagration 
with combustibles is less powerful than that of the chlorates ; they are not 
very soluble in water, and their solutions are decomposed by sulphurous acid, 
iodine being set free. This is the best test for their presence. 

Periodic Acid (lOyHO). — When a solution of iodate of soda, mixed with 
pure soda, is saturated by chlorine, and concentrated by evaporation, a 
sparingly soluble white salt is obtained, which is a periodate of soda. This 
is dissolved in the smallest possible quantity of diluted nitric acid, and mixed 
with nitrate of lead; a precipitate of periodate of lead is thrown down. 
This is collected and decomposed by a small quantity of diluted sulphuric 
acid. Periodic acid is not known in the anhydrous state : it may be obtained 
as a crystalline hydrate by filtering the liquid and evaporating it. The 
periodates are less soluble than the iodates, but like them they are decom- 
posed at a red heat and evolve oxygen. 

Hydriodio Acid (HI). — Hydrogen and iodine do not readily combine 
directly ; but when they are passed through a red-hot tube hydriodic acid 
gas is produced by their union. The gas may be produced by the following 
process suggested by Millon : 10 parts of iodide of potassium are dissolved 
in 6 parts of water and 20 parts of iodine are added to the solution in a 
retort. One part of phosphorus in small portions is then added and a gentle 
heat is applied (2KI-fl5 + P + 8HO=HO,2KO,(P05)-f-tHI). Hydriodic 
acid passes over, and phosphate of potassa remains in the retort. As it is a 
very heavy gas, it may ;be collected by displacement in dry jars. It is 
decomposed by mercury, and hydrogen is evolved, so that it cannot be 
collected over that metal. 

Hydriodic acid gas is colorless, but fumes strongly in the air, and smells 
like hydrochloric acid. It reddens vegetable blues. Its specific gravity, 
compared with air, is as 4.3818 to l; 100 cubic inches weigh about 135-89 
grains. Compared with hydrogen, its specific gravity is as 63*5 to 1. It 
extinguishes flame, and is not itself inflammable. It is liquefiable under 
pressure, and becomes a transparent colorless solid at about — 60^. It is 
not permanent at a red heat, for, when passed through a red-hot porcelain 
tube, it is partially resolved into iodine and hydrogen. 

Hydriodic acid gas is not decomposed by dry air, but when water is present 
the oxygen of the air unites to the hydrogen, and iodine is eliminated and 
dissolved. The gas is very soluble in water, but in what proportion has not 
been determined. The saturated solution, exposed to a temperature below 
260°, becomes concentrated by loss of water ; at about 260*^ it boils, and 
may be distilled. The specific gravity of the strongest liquid acid is I'Y. It 
dissolves iodine. It becomes dark-colored when kept in contact with air, in 
consequence of a partial separation of iodine, which colors the liquid. The 
aqueous hydriodic acid is best prepared by, passing sulphuretted hydrogen 
through a mixture of iodine and water : sulphur is deposited, and, on heating 
and filtering the liquid, a solution of hydriodic acid is obtained, which may 
be concentrated by evaporation. The solution is decomposed by chlorine, 
by nitric, sulphuric, arsenic, iodic, and sulphurous acids, and by the proto- 
sulphate of iron, the iodine being separated. 
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When hydrioclic acid gas is mixed with oxygen, and passed through a red- 
hot tube, it is resolved into iodine and water. Its decomposition by chlo- 
rine produces hydrochloric acid, sometimes with explosion, and the purple 
vapor of iodine is rendered evident, but rapidly disappears in consequence 
of the formation of chloride of iodine. This decomposition is beautifully 
shown by causing hydriodic acid gas to pass into a jar of atmospheric air, 
mixed with, about a twelfth of its bulk of chlorine ; the violet fumes are then 
more permanent. On the other hand, mercury takes the iodine and sets free 
hydrogen. A little strong nitric acid dropped into hydriodic acid gas ener- 
getically decomposes it, with the evolution of so much heat that the gas is 
occasionally inflamed. 

The composition of hydriodic acid gas is analogous to that of the hydro- 
chloric. It consists of 1 volume of the vapor of iodine and 1 of hydrogen ; 
these produce 2 volumes of the acid. When potassium is heated in the gas 
it is reduced to half its volume, which consists of pure hydrogen. It is 
therefore thus constituted :— 



Hydrogen 
Iodine . 


Atoms. 
. 1 . 
. 1 . 


Weights. 
1 . 
... 126 . 

127 


Per cent. 
0-8 
.. 99-2 

100-0 


Volumes. 
... 1 ... 
... 1 ... 

2 


Sp. Gr. 
0-0345 
4-3533 


Hydriodic acid 


. 1 


4-3878 



Iodides. — These salts may be thus identified : 1. When heated with sul- 
phuric acid and peroxide of manganese, iodine is evolved. 2. When dis- 
solved in water, the iodide (of potassium) is neutral, and has no action on 
starch. On adding to the mixture a solution of chlorine, or some nitric acid, 
a deep blue color is produced. 3. The solution gives a pale yellow precipi- 
tate with nitrate of silver, insoluble in ammonia : 4, a bright yellow precipi- 
tate with a salt of lead (iodide of lead) ; and 5, a bright scarlet precipitate 
with a solution of corrosive sublimate (iodide of mercury). The presence 
of an iodate is detected by adding a solution of tartaric acid. The solution 
then becomes colored by iodine being set free. 

Iodide of Nitrogen (NHIg).— -This compound has been shown to contain 
hydrogen, as well as nitrogen and iodine. It may be prepared by placing 
finely powdered iodine for half an hour in a solution of ammonia. The 
liquid portion is poured from the insoluble dark brown powder, which is the 
iodide. It should be well washed in water. This compound is dangerously 
explosive when dry; hence'it should be put in small quantities, while moist, 
on filtering paper, and allowed to dry spontaneously on sheet lead. The 
slightest contact of a body, or merely dropping the powder through the air 
or on the surface of water, causes a sudden and violent explosion, with a 
flash of light and the escape of iodine in vapor. Even under water it will 
explode by friction. It is slowly decomposed when moist by exposure to 
air. Boiling water and solutions of potassa and soda decompose it rapidly. 
It is converted into nitrogen, iodic, and hydriodic acids. It is decomposed 
by sulphuretted hydrogen, and it loses its detonating properties in the pre- 
sence of an excess of ammonia. By numerous experiments, M. Bineau has 
proved that its true formula is NHIg. 

Chlorine forms two volatile and unstable compounds with iodine, ICl 
(liquid) and ICI3 (solid). 

Chlorine, iodine, and bromine are occasionally so associated as to require 
separation in analyses. To ascertain the quantity of iodine in the mixed 
chlorides and iodides of mineral waters, Rose recommends precipitation by 
nitrate of silver; the mixed chloride and iodide of silver thus thrown down 
is fused, weighed, and afterwards heated in a tube, and a stream of chlorine 
passed over it; the iodine is thus expelled^ and the whole converted into 
13 
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cliloride of silver ; this is weighed again, and a loss is found to have taken 
place in consequence of the equivalent of the expelled iodine being greater 
than that of the expelling chlorine; this loss, multiplied by 1-4, gives the 
quantity of iodine, originally present, which has been replaced by chlorine 
(126—36 = 90, and 126-^90=1-4). Schweitzer recommends the adoption 
of a similar method for estimating the quantity of iodine when mixed with 
bromine ; in this case the mixed iodide and bromide of silver is to be heated 
in an atmosphere of bromine vapor, by which the iodine is expelled. The 
presence of an iodide, in mixture with a chloride and bromide, may be de- 
tected by considerably diluting the solution with water, and adding to it a 
solution of chloride of palladium. Iodine gives with this salt a dense purple 
black precipitate of iodide of palladium (Pdl). A diluted chloride or bro- 
mide is not thrown down by this reagent. The mixed sulphates of iron and 
copper (see page 189) precipitate the iodine of an iodide in an insoluble 
form. A chloride is not affected, and a bromide only when the solution is 
moderately strong. 

Fluorine (F = 19). 

History and Properties. — Fluorine is a simple body concerning which in 
its pure state, but little is known. It is most abundantly met with in the 
mineral known as fluor or jftuor-spar, which is a fluoride of calcium (CaF). 
Hence the name fluorine. In its pure state the fluoride of calcium con- 
tains 49 per cent, of fluorine. This mineral is found abundantly in Derby- 
shire, Cornwall, and Cumberland. It is well known by its cubic crystals, 
sometimes colorless, but more commonly colored purple, yellow, or green. 
The mmerol cryolite, from which aluminum is extracted, is a compound 
fluoride of aluminum and sodium (Al^Fg.SNaF). It is a white translucent 
fusible substance found in Greenland. It contains about 42 per cent, of 
fluorine. Fluorine is a constituent of the topaz : it is found in some kinds 
of mica, in fossil bones and coprolites. It exists in traces in sedimentary 
rocks, in river, spring, and seawater, in recent bones, in teeth, and in many 
organic substances. 

Davy and other chemists have attempted to isolate fluorine by heating dry 
fluoride of silver in a current of chlorine. In operating in glass or platinum 
vessels, the fluorine instantly entered into combination with the silicon or 
platinum, and fluorides of silicon and platinum alone were obtained. It is 
stated that fluorine has been procured by the sub'stitution of vessels of fluor- 
spar for those of glass and platinum ; but the description of the properties of 
the body thus obtained, shows that it was probably a mixture of chlorine and 
hydrofluoric acid. One fact, however, has been elicited as a result of these 
experiments. When an anhydrous fluoride in a state of fusion is submitted 
to electrolysis, there is evolved at the positive electrode, a body which decora- 
poses glass and forms with platinum a fluoride which is decomposed by heat. 
Hence it may be assumed that fluorine, whether gaseous, liquid, or solid, is 
an electro-negative metalloid, bearing some analogy to chlorine, bromine, 
and iodine. It forms no known compounds with these elements, with oxygen, 
or carbon. It unites readily to metals forming fluorides, and to three non- 
metallic bodies — namely, hydrogen, boron, and silicon. The principal com- 
pound of fluorine, is that which it forms with hydrogen— hydrofluoric acid. 

Hydrofluoric Acid (HF) This was formerly called fluoric acid, from 

the supposition that it was a compound of fluorine and oxygen. It is a 
gaseous anhydrous acid analogous to the hydrochloric. The existence of 
this acid was first made known by Scheele, although as he employed vesssels 
of glass, he did not obtain it in a pure state. Its properties were examined 
by Gay-Lussac and Thenard in 1810 (Eecherches Fhysico-chimiques), and 
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by Davy {Phil, Trans, 1809-1813). When finely powdered j^i<or?'<fe of cal- 
cium ov fiuor-spar, as it is usually called (carefully selected for its purity and 
freedom from silica), is distilled with twice its weight of sulphuric acid, a 
highly volatile and corrosive liquid, which is hydrated hydrofluoric acid^ is 
obtained: CaF+S03,HO=CaO,S03 + HF. • It acts powerfully on glass 
and on most of the metals : the retort employed in the experiment may 
be of lead, with a tube and receiver of platinum ; the receiver must be 
immersed in a mixture of ice and salt. The product may be preserved in 
a platinum bottle, with a well-fitted stopper of the same metal, but gutta- 
percha bottles are now commonly employed. In this concentrated state it 
is a clear, colorless liquid ; it fumes when exposed to air; boils at 68^, and 
flies off in vapor. Its specific gravity in this state is 1"0609. It has not 
been congealed. By the gradual addition of a certain proportion of water 
it acquires a considerable increase of density, the mixture having a specific 
gravity of 1*15 (HF,4H0). Its attraction for water exceeds that of oil 
of vitriol ; and when dropped into water it causes a hissing noise, and great 
heat is evolved. Its vapor is dangerously pungent and irritating, and the 
liquid acid is eminently active upon organic substances; a minute drop of 
it upon the skin produces a painful sore, and in larger quantities malignant 
ulceration: hence the vessels containing it require to be handled with 
great caution. Its most characteristic property is the energy with which 
it acts upon glass: its vapors soon destroy the polish and transparency of 
all neighboring glass-vessels, and when dropped upon glass, great heat and 
effervescence are produced, and dense fumes are evolved, consisting of hydro^ 
fluosilicic acid. Diluted with about six parts of water, the acid may be 
used for etching upon glass, which it effectually accomplishes in a few 
minutes. For this purpose the surface is covered with a thin layer of wax 
and tallow, and this is removed from those parts on which it is intended 
the acid should act. The diluted acid is then poured on the glass, and 
after a short time it is removed. The layer of wax is melted off, and the 
pattern then appears corroded on the glass. If a prepared plate is exposed 
to the acid vapors, a dull surface is given to the corroded portions. 

When the concentrated acid is submitted to electrolysis, hydrogen is 
evolved at the negative electrode, and the positive platinum wire is corroded 
and converted into a brown compound, probably of fluorine and platinum. 
All the metals excepting mercury, gold, silver, platinum, and lead, decom- 
pose it with the evolution of hydrogen ; and peculiar compounds result, 
fluorides, consisting of the metal in combination with fluorine. The action 
of potassium upon the concentrated acid is very energetic; it is attended 
by explosion, by the liberation of hydrogen, and by the formation of a pecu- 
liar soluble saline compound which is considered as a fluoride of potassium. 

The only metalloids on which it acts are boron and silicon. Like hydro- 
chloric acid, it acts violently upon zinc and aluminum, setting free hydrogen ; 
but it has very little action- on copper. When added to solutions of lime, 
baryta, strontia, magnesia, and alumina, it throws down insoluble fluorides 
of the metals. In this respect it differs from the hydracids of chlorine, bro- 
mine, and iodine, which form soluble compounds with these bases. Nitrate 
of silver produces with this acid a white compound, which is soluble in 
water, which is not affected by light, and easily decomposed by heat. The 
chloride, bromide, and iodide of silver are entirely different in their pro- 
perties. Its most remarkable property is that of acting upon silica and all 
its combinations, even upon glass— a substance which is not attacked or dis- 
solved by any other acid, A small quantity of the acid poured upon glass 
produces immediately an opaque spot or streak (Si03-f-3HF=3HO + SiF3). 
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The fluoride of silicon produced when in contact with water undergoes a 
change by which hydrated silicic acid is precipitated. 

This acid, when mixed with strong nitric acid, and the mixture is heated, 
does not dissolve gold or platinum. It forms no aqua regia, like the hydro- 
chloric acid. 

Gomposition. — Kuh'lman's experiments have proved that this is ahydracid; 
he found that pure fluor-spar (fluoride of calcium) was not in the least acted 
upon, even at a red heat, by anhydrous sulphuric acid, and that when hydro- 
chloric acid was transmitted over fluor-spar at a red heat, hydrofluoric acid 
was disengaged and chloride of calcium formed. It cannot therefore be 
doubted that the hydrofluoric, like the hydrochloric acid, is composed of one 
atom or volume of each of its elements, and it may be assumed that they are 
united without any condensation. 

Atoms. Weiglits. Per cent. Volumes. 

Hydrogen .... 1 = 1 ... 5 ... 1 

Fluorine .... 1 = 19 ... 95 ... 1 

1 20 100 2 

Its atomic- weight is derived from the proportion of sulphate of lime 
obtained by the decomposition of a known weight of pure fluoride of 
calcium. 

Fluorides. — A soluble fluoride is known by its action on glass. An inso- 
luble fluoride may be powdered and covered with sulphuric acid in a platinum 
crucible. If the substance is a fluoride, or if any fluoride be present, the 
vapor set free, will produc a visible change on a glass plate placed over the 
crucible. 



CHAPTER XVII. 



SULPHUR AND ITS CO MPOUND S — SELENIUM AND ITS 
COMPOUNDS. 

Sulphur (S=16). 

This important substance is found native, chiefly in volcanic districts, 
either crystallized or amorphous. The Island of Sicily, and the Solfatara, 
near Naples, are the principal sources of supply. There are large deposits 
of sulphur in Spain, also around Hecla, in Iceland, and it occurs more 
sparingly in certain gypsum beds in Europe. The well-known mineral, iron- 
pyrites, contains about 64 per cent, of sulphur, and readily yields this sub- 
stance by distillation. The sulphur thus obtained is, however, less pure than 
native volcanic sulphur, and is generally contaminated with arsenic. Although 
commonly described as a mineral body, sulphur enters into the composition 
of certain animal and vegetable substances. Associated with nitrogen, it is 
a constituent of albumen, fibrin, and casein ; it enters into the composition 
of silk, hair, horn, nail, and feathers. It is found in gluten, and certain 
essential oils — e. g. those of mustard and horseradish. 

Preparation.-— l^\iQ native mineral, on which the sulphur is deposited, is 
broken up and submitted to distillation in fireclay pots, connected with re- 
ceivers. The mineral contains from 30 to 50 per cent, of sulphur. The 
greater part of this is separated by the first distillation, the sulphur thus 
obtained containing rarely more than 5 or 6 per cent, of earthy impurities. 
By a second distillation, the sulphur is obtained pure ; and while in a liquid 



SULPHUR. PHYSICAL AND CHEMICAL PROPERTIES. 197 

state it is poured into wooden moulds of a slightly conical shape. The 
sulphur, when cooled, is removed, and it then forms the well-known roll- 
sulphur of commerce. By conveying the vapor during distillation into a 
l^rge chamber, kept cool, the sulphur is deposited in a pulverulent state, and 
is then known asjiowers of sulphur. Owing to the combustion of a portion 
some sulphurous acid is produced, and thus the powder occasionally has an 
acid reaction from this cause. Sublimated sulphur may be purified by wash- 
ing it in hot water. Sulphur is obtained from pyrites, by simply distilling 
the broken mineral in fireclay, or cast-iron retorts, connected with receivers. 
The mineral yields readily from 20 to 25 per cent, of sulphur, which fre- 
quently has a greenish tint, from the presence of some sulphide of iron. 
Sulphur in its purest form generally contains a trace of hydrogen. 

Properties. '^SnlphuY, or brimstone, is a brittle substance, of a pale yellow 
color, insipid, and inodorous, but exhaling a peculiar odor when rubbed or 
heated. Its specific gravity is 1*910 to 2*080. According to Regnauit, 
the specific heat of crystallized native sulphur is 0*1116, and of sulphur 
recently fused, 0*1844. It becomes negatively electrical by heat and by 
friction, and is a non-conductor of heat and electricity. Sulphur, as a 
mineral product, occurs crystallized, its primitive form being an acute octa- 
hedron with a rhombic bas^. In this state its sp. gr. is 2*045, and the 
crystals are in a high degree doubly refractive. Crystals of native sulphur, 
which have been formed by the condensation of sulphur vapor, as well as 
those which are deposited from a solution of sulphur in any menstruum, 
possess forms which are either identical or connected by being referable to 
the same crystalline axes. Such, on the contrary, as are produced by the 
cooling of fused sulphur, belong to a difi'erent system of crystallization. One 
of the conditions determining the form, is temperature*: if the crystal b6 
formed below 232^ it belongs to the right prismatic systemj if at that point, 
to the oblique prismatic. This is proved by the influence of temperature on 
a crystal of either system ; a crystal of fusion, when first formed, is perfectly 
clear and transparent, but kept at common temperatures it soon becomes 
opaque, and presents the appearance of the roll sulphur of commerce ; the 
same change occurs when a native crystal is placed in a solution of salt which 
boils at 232^. The opacity is in both cases produced by a new arrangement 
of the particles of sulphur, by which, without any change in the external 
form, the internal structure of the crystal is altered. Sulphur, therefore, is 
dimorphous. (See p. 36.) 

Sulphur has no injurious action on the body : it is insoluble in water, and 
suffers no change by exposure to air. An invisible vapor is constantly 
escaping from it at common temperatures. If leaf-silver be suspended in 
the upper part of a bottle containing sulphur, it will, after a few weeks, 
become blackened by conversion into sulphide of silver. At about 180^ 
sulphur is volatilized, and its peculiar odor is strong and disagreeable ; at 
about 220° it begins to fuse, and between 230° and 210° it is perfectly 
liquid, and of a bright amber-yellow color. It may be readily melted by 
heating it on writing-paper over a candle. On cooling it sets into a group 
of prismatic crystals. If melted on a glass-slide, and examined by an inch- 
power of the microscope, the phenomena of prismatic crystallization are 
beautifully seen. When sulphur is heated to between 300° and 500°, it 
becomes viscid, and of a dark brown color, but regains its fluidity when 
cooled -to 280°. At a higher temperature (out of contact of air) it again 
becomes more liquid, and at about 800° it boils, producing an amber-colored 
vapor, which may be condensed either in a solid or pulverulent state, accord- 
ing to the rapidity of the process and the size of the condensing vessels. 
The residue is the sulphur vivum of old pharmacy. If sulphur as heated to 
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about 450°, and while still viscid, is poured into cold water, it acquires and 
retains a certain flexibility and elasticity, having at the same time a dark 
color : it hardens slowly. In this state, it is sometimes used to take impres- 
sions of gems and medals, or plaster medallions. For this purpose, the 
surface of the mould should be oiled before the sulphur is poured on it. 
When cold, it has a reddish-brown color, and a specific gravity of 2*3. 
When slowly cooled after fusion, sulphur forms a fibrous crystalline mass ; 
but it sometimes retains its fluidity, and does not concrete till touched by 
'some solid body. This state appears somewhat analogous to that of water 
cooled in a quiescent state below its freezing-point. (Faraday, Quarterly 
Journal^ 21, 392.) (For the method of procuring crystals of sulphur by 
fusion, see page 25.) The following table shows the results of Dumas's 
experiments on the influence of temperature upon the color and properties 
of sulphur : — 

Temperature. Hot Siilpliur. Sulphur suddenly cooled l)y immersion in water. 

230O . . Very liquid : yellow o . Very brittle : usual color. 

284 . . Liquid : deep yellow . Do. do. 

338 . . Thick : orange yellow . Brittle : do. 

r,^. m-u • 1 f At first soft and transparent, then brittle 

374 . . Thicker: orange . . | and opaque : usual color. 

428 . . Viscid: reddish . . Soft: transparent: amber color. 
464 to 500 Very viscid : brown-red . Very soft : transparent : reddish. 
800 boiling Less viscid : brown-red . Do. do. brown-red. 

In order that sulphur may retain its soft or viscid state, it is not necessary, 
as sometimes directed, to keep it long in a fused state, but merely to take 
care that it has been raised to a due temperature, and then suddenly cooled 
by dropping it iijto cold water; if poured into the water in mass, the 
interior cools slowly and reverts to its brittle state. Here, therefore, the 
effect of what may be called tempering, is the reverse of that produced 
upon steel, and somewhat corresponds with the phenomena presented by 
bronze. 

The researches of Deville, Berth el ot, Magnus, and other chemists, have 
shown that sulphur, according to the effect of heat and sudden cooling, may 
assume various allotropic conditions. Deville assigns four varieties, and 
Magnus six. These are based chiefly on crystalline form, color, and solu- 
bility. The hlach sulphur of Magnus is obtained by heating sulphur 
repeatedly to near its boiling-point, and then suddenly cooling it in water. 
It is characterized not only by its color, but by its insolubility in sulphide 
of carbon, and the usual solvents of sulphur. (Pelouze and Fremy, Traiie 
de GMmie, 1, 200.) The sulphur of commerce occurs in three prevailing 
colors, namely, lemon yellow, verging on green, dark yellow, and brown 
yellow ; these shades result, partly at least, as the above table shows, 
from the different degrees of heat to which it has been exposed during its 
fusion or extraction on the great scale— -the palest variety having been the 
least heated. 

For some pharmaceutical purposes, sulphur is precipitated from a solu- 
tion of tersulphide of potassium or pentasulphide of calcium, by hydrochloric 
acid, and, when washed and dried, it forms a pale yellowish-gray impalpable 
powder ; this is the milh of sulphur and precipitated sidphur of the Pharma- 
copoeia. Thomson considers it to be a compound of sulphur and water— a 
hydrate.' (System of Chemistry, vol. 1, p. 285.) When dried it gives out no 
water, but fuses into common sulphur, always, however, evolving a little 
hydrogen. 

The purity of sulphur may be judged of by heating it gradually upon a 
piece of mica or platinum-foil ; if free from earthy substances, it should 
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evaporate and leave no residue. It should also be soluble in benzole or 
boiling oil of turpentine. According to Ure, sulphur is soluble in ten times 
its weight of boiling oil of turpentine at 316^, forming a red-colored solu- 
tion which remains clear at 180^. When the solution cools rapidly, or is 
rapidly evaporated, prismatic crystals are. deposited. If, however, it is 
allowed to evaporate spontaneously, octahedral crystals are formed. The 
same phenomenon is observed in reference to the solution of sulphur in ben- 
zole. The employment of either of these liquids enables a chemist to deter- 
mine whether sulphur is contaminated with its usual impurities, namely, 
carbonate and sulphate of zinc, oxide and sulphide of iron, sulphide of 
arsenic and silica. These remain undissolved. 

The sp. gr. of sulphur-vapor is theoretically 6 '6386, and, supposing it to 
exist as vapor at mean temperature and pressure, 100 cubic inches would 
weigh 205*44 grains. From the experiments of Dumas and Mitscherlich, at 
a temperature of 932^, the sp. gr. of the vapor is 6-654. According to 
Bineau, when taken at a temperature of 1832^, the sp. gr. is 2 '21 8. Com- 
pared with hydrogen, the sp. gr. of sulphur-vapor is as 96 to 1. 

Sulphur is not readily dissolved by alcohol, ether, or chloroform. Anhy- 
drous alcohol when boiled with it dissolves it in small quantities. The 
vapors of these liquids also combine with it. It is very soluble in sulphide 
of carbon ; 100 parts of this liquid will dissolve 38 parts of sulphur at the 
common temperature, and ^3 parts when heated. The sulphide may be use- 
fully employed for the separation of sulphur from vulcanized rubber, gun- 
powder, &c. If recently fused sulphur is dissolved in the sulphide, and it is 
spontaneously evaporated, crystals belonging to the two systems are de- 
posited, namely, transparent octahedra, and oblique rhombic prisms, which 
are opaque. It is probable that by heat the sulphur has partially undergone 
an allotropic change. Among other solvents of sulphur may be mentioned 
chloride of sulphur and the alkaline sulphites. The latter are commonly 
used for devulcanizing caoutchouc. 

When heated in the atmosphere to about 560° sulphur inflames and burns 
with a peculiar blue light ; at a higher temperature its vapor kindles with a 
purple flame ; and in oxygen it burns vividly, with a large lilac-colored 
flame. The comparatively low temperature at which sulphur is kindled, is 
an important circumstance in reference to its use for the manufacture of 
gunpowder, matches, &c. It may be well illustrated by propelling powdered 
sulphur into the hot air issuing from an argand lamp-glass ; it takes fire at 
a great height above the flame. The product of combustion is sulphurous 
acid, known by its peculiar odor. 

Equivalent and Compounds. — Sulphur combines with the metalloids and 
metals, forming the class of sulphides or sulphurets. The metallic sulphides, 
generally correspond to the oxides. The range of combination of sulphur 
is very great ; it frequently displaces oxygen, converting oxides to sulphides, 
while many sulphides, by simple exposure to air, are converted to oxides. 
Its atomic weight, as deduced from its compound with hydrogen, is 16. 
Hence as sulphur-vapor has a sp. gr. of 96, compared with hydrogen, each 
volume of the vapor will correspond to six atoms, or the atomic volume of 
sulphur-vapor will be one-sixth of a volume. If the atomic volume of hydro- 
gen be two, then that of sulphur will be one-third of a volume. 

Tests. — The color, fusibility, and combustion with a blue flame, as well as 
the odor of the vapor, are sufficient tests for sulphur in a solid state. Its 
solubility in sulphide of carbon, and the production of octahedral crystals as 
a result of the spontaneous evaporation of the solution, are also characteristic 
of the presence of this substance. In many organic solids its existence is 
revealed by applying heat, when sulphuretted hydrogen escapes. If sulphur, 
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or any substance containing traces of it (quill or gluten), be boiled in a solu- 
tion of potassa, holding dissolved a small quantity of oxide of lead, the liquid 
or the solid acquires a brown-black color from the production of sulphide of 
lead. The test is prepared by adding to a solution of -potassa a few drops 
of a solution of acetate of lead, and then adding a sufficient quantity of 
potassa to dissolve the white precipitate which is first formed. 

Sulphur and Oxygen.— Sulphur forms no oxide ; but there are seven 
compounds of sulphur and oxygen, all of which rank among the acids. The 
most important of these are, 1. Sulphurous acid ; 2. Sulphuric acid ; and 3. 
Hjposulphurous acid. 

Sulphurous acid . . . S Og Hyposulpliuric (ditliionic) acid SqO- 
Sulphuric acid . . . S Og Trithionic acid . . . SgO- 



Hjposulphurous acid ) ^ ^ Tetrathionic acid . . • S4O5 

Dithionous acid j * * 22 Pentathionic acid . . . S.O- 



In the four last compounds, the atoms of oxygen being 5, there is an 
Increase of one atom of sulphur in each. Of the seven oxy-compounds here 
enumerated, the first three have a special importance to the chemist, and as 
they are produced by a conversion or reaction of sulphurous acid, it is this 
compound which will first claim our consideration. 

Sulphurous Acid (SO3). — This is an anhydrous gaseous acid produced 
by the burning of sulphur in oxygen. In l^H, Scheele pointed out a method' 
of obtaining it : and about the same time, Priestley procured it in the gaseous 
form, and ascertained its leading properties. Its atomic composition was 
first accurately investigated by Davy, Gay-Lussac, and Berzelius. 

Sulphurous acid may be obtained by several processes. It may be pro- 
cured directly, by burning sulphur in dry oxygen gas ; or indirectly, by 
boiling one part of copper filings or of mercury in three of sulphuric acid 
(Cu4-2[Sa3,HO] = CuO,S03 + 2HO + SO,): or by heating in a retort a 
mixture of three parts of black oxide of manganese in powder and one of 
sulphur, S2 + Mn02=S03+MnS. Charcoal or sulphur boiled with sulphuric 
acid, also yields this gas. As water dissolves about fifty times its bulk of 
the gas, it should be collected and preserved over mercury. For all the 
common purposes of experiment, it may be collected by displacement in 
dry jars or bottles. When generated by the action of charcoal, wood, and 
various organic matters, upon sulphuric acid, it is mixed with carbonic acid. 
Sulphurous acid may be procured by the combustion of sulphur or sulphide 
of carbon in a confined volume of air. Under these circumstances, it is 
mixed with nitrogen or carbonic acid. 

Properties. — The gas is without color, but it has the suffocating odor of 
burning sulphur, and a sour taste. If breathed in a diluted state, it causes 
cough and headache ; and in a concentrated form it is fatal to life. It is 
highly destructive to all animals. It is very heavy, being more than fwice 
the weight of air. Its sp. gr. is 2*2112, and, compared with hydrogen, 32 
to 1 ; 100 cubic inches weigh 68*48 grains. It is one of the most easily 
liquefiable of the gases (p. 13). By mere cooling to 14°, it becomes an 
anhydrous limpid liquid. 

In the liquefied state it has a sp. gr. of 1*45, evaporating with such rapidity 
at common temperatures as to generate a great degree of cold, so that by 
its aid mercury may be frozen, and chlorine, ammonia, and cyanogen liquefied. 
The liquid acid is not an electrolyte. When it is allowed to evaporate in 
vacuo, the cold produced is so intense, that the liquid acid is congealed ; it 
solidifies at — 105^; it may also be frozen by the aid of a mixture of solid 
carbonic acid and ether; it then forms a white crystalline mass, denser than 
the liquid acid. 

When sulphur is burned in pure and perfectly dry oxygen, sulphurous 



SULPHUROUS ACID. COMPOSITION. 201 

acid only is produced, without any change in the volume of oxygen, so that 
its composition is learned by the increase of weight. Oxygen when saturated, 
is exactly double in weight ; hence sulphurous acid consists of equal weights 
of sulphur and oxygen. According to Mitscherlich's estimate of the specific 
gravity of sulphur-vapor, sulphurous acid consists of 100 volumes of oxygen 
gas, and 16 of the vapor of sulphur, condensed into 100 volumes; or one 
volume of oxygen cohabined with one-sixth of a volume of sulphur-vapor 
constitute one volume of sulphurous acid. 

'Atoms. Weights. Per cent. Volume. Sp. Gr. 

Sulphur . « . 1 ... 16 ... 50 ... J ... 1-1055 
Oxygen . ... 2 ... 16 ... 50 ... 1 ... 1-1057 

Sulphurous acid . 1 32 100 1 2-2112 

As oxygen undergoes no change of volume in forming this gas, the num- 
ber of volumes of sulphurous acid are indicated by the quantity of oxygen 
consumed in the combustion of sulphur. 

The gas has a strongly acid reaction. It extinguishes most combustibles 
when they are immersed in it in an inflamed state : hence burning soot in a 
chimney may be extinguished by throwing a handful of sulphur into the fire. 
The upper part of the flue should be stopped^ and no air allowed to' pass 
into the chimney except that which traverses the burning sulphur. Air con- 
taining only one-third of its volume of this gas does not support ordinary 
combustion. The gas vividly maintains the combustion of potassium and 
sodium. At mean temperature and pressure, recently boiled water takes up 
about 50 volumes of sulphurous acid gas. This solution {aqueous sulphurous 
acid), which may be procured by passing the gas into distilled water, has a 
sulphurous and somewhat astringent taste, and it bleaches some vegetable 
colors. If long kept, sulphuric acid is formed ; it acquires a sour flavor, 
and reddens vegetable blues. Some coloring matters, such as those of lit- 
mus and cochineal, are not readily bleached by sulphurous acid ; while those 
which are bleached may have their colors restored by an acid or an alkali. 
If a solution of sulphurous acid is added to infusion of roses or blue infusion 
of cabbage, it will redden these liquids, owing to the presence of free sul- 
phuric acid. By carefully neutralizing this acid with potassa, the color will 
entirely disappear. If the liquid thus bleached, be now treated with a strong 
solution of potassa, it will acquire a green color, while another portion will 
be intensely reddened by sulphuric acid. The bleaching, therefere, depends 
upon a temporary production of colorless sulphites. Cotton goods, as well 
as those of silk, woollen, and straw, which would be injured by chlorine, are 
bleached by this acid. The articles, wetted, are exposed in a close chamber to 
the fumes of burning sulphur. They are then well washed, to remove the color- 
less sulphites, and are thus effectually bleached. Hops are also bleached by 
exposure to the vapor of burning sulphur. Sulphurous acid by its removal 
of free oxygen arrests fermentation and putrefaction. When the aqueous 
solution of sulphurous acid is boiled, a great part of the gas escapes, but not 
when it is frozen. The specific gravity of the solution at 60^, when it con- 
tains 60 volumes of the gas, is 1-04. At a low temperature the concentrated 
aqueous solution deposits a crystalline hydrate consisting of SOa-fQHO. 
Alcohol dissolves sulphurous acid more copiously than water; one volume 
taking up at 60°, 115 volumes of the gas. 

Sulphurous acid gas suffers no change at ia red heat ; but if mixed with 
hydrogen, and passed through a red-hot tube, water is formed and sulphur 
deposited (2H+S02=S+2HO). Under the same circumstances, it is de- 
composed by charcoal, by potassium, and sodium, and probably by several 
other metals. It undergoes no change when mixed with oxygen, unless 
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humidity or water be present, in which case a portion of sulphuric acid is 
slowly formed. But a mixture of the dried gases passed over heated spongy 
platinum, produces anhydrous sulphuric acid. When mixed with chlorine, 
and in contact with water, sulphurous acid produces sulphuric and hydro- 
chloric acids (S024-H04-C1=S03 + HC1); but the perfectly dry gases have 
no mutual action, except under the influence of bright summer sunshine, 
when a mixture of equal volumes of chlorine and sulphurous acid, yields a 
liquid of the specific gravity of 1*659 at 68^, which boils at l^ZO^, the specific 
gravity of the vapor being 4'6'7. Its formula is SOajCl. It may be com- 
pared to sulphuric acid, in which one atom of oxygen has been replaced by 
one of chlorine. With water, it evolves heat and yields hydrochloric and 
sulphuric acids. Iodine and bromine are without action on sulphurous acid 
unless water is present, when sulphuric acid, and hydriodic and hydrobromic 
acids are formed (S03+H0-M=HI+S03). The chloric, bromic, and iodic 
acids are decomposed by sulphurous aoid, with the evolution of chlorine, 
bromine, and iodine, and the formation of sulphuric acid. When gaseous 
sulphurous acid is mixed with hydrochloric, hydriodic, or hydrobromic acid 
gases, they mutually decompose each other; water, with chloride, iodide or 
bromide of sulphur is formed; but when these acids are in aqueous solution, 
they do not decompose each other. In the dry state, sulphurous acid has no 
action on hydrosulphuric acid: but when water, is present, or the aqueous 
solutions of the two gases are mixed, water is produced and sulphur is thrown 
down (S03+2HS=2HO + 3S). Sulphur and pentathionic acid are some- 
times products of this mixture. It is probably by a reaction of this kind, 
that sulphur is naturally deposited at the Solfatara, and in other volcanic 
districts. Sulphurous acid deoxidizes the oxacid compounds of nitrogen. 
Thus in contact with nitric acid, sulphuric acid and deutoxide of nitrogen 
are produced (3S03+N05,HO=3S03-i-N03+HO). Two atoms of sulphu^ 
rous acid produce hyponitrous acid, and one atom produces nitrous acid, 
both of which are dissolved in the undecomposed nitric acid, giving to it a 
bluish green or green color. An excess of sulphurous acid therefore entirely 
decomposes the acid compounds of nitrogen and oxygen. On evaporation 
of the mixture, nothing but sulphuric acid is obtained: the deutoxide of 
nitrogen escaping as a gas. Iodic acid undergoes a similar deoxidation, 
(5S03+I05=I-f5S03). Iodine is set free, and may be detected by its odor, 
or by its action on a solution of starch. Sulphurous acid gas is entirely ab- 
sorbed and removed by peroxide of lead, Pb03+S03=PbO,S03. In the 
presence of water or of certain bases, sulphurous acid and deutoxide of nitro- 
gen combine to form crystalline compounds. Peroxide of lead, or of man- 
ganese, added to the aqueous solution of sulphurous acid, converts it into 
sulphuric acid, and destroys its odor. 

Tests.— .The best test for sulphurous acid gas is its odor, and acid reaction. 
Paper wetted with a solution of protonitrate of mercury is blackened by it. 
A mixture of iodic acid and starch in solution, or paper immersed in this 
liquid, reveals the presence of the smallest quantity of the acid by the pro- 
duction of blue iodide of starch. Zinc is dissolved by the aqueous acid 
without any evolution of hydrogen (2Zn+3S03=ZnO,S303+ZnO,SOJ. 
If hydrochloric acid is added to the mixture, sulphuretted hydrogen is pro- 
duced and evolved. Traces of sulphurous acid may thus be found in hydro- 
chloric acid. Sulphurous acid may be detected in the smoke of coke and 
coal, and it is thus imparted tcrthe atmosphere of places where coal is burnt. 

Sulphites and Bisulphites (MOjSOg and MO,2S03).— The sulphites of the 
alkalies when exposed in a moist state to the air, pass gradually, by absorp- 
tion of oxygen, into sulphates. Chlorine, nitric acid, and several other 
oxidizing agents, produce a similar change. Sulphites destroy the color of 
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a solution of permanganate of potassa, and reduce the persalts of iron to the 
state of protosalts; added to nitrate of silver they form a white precipitate of 
sulphite of silver; which is soluble in nitric acid at a boiling temperature. 
The precipitate given by nitrate of baryta in the solution of a sulphite (free 
from sulphate), is also soluble in nitric acid. When an alkaline sulphite is 
boiled with nitric acid, fumes of sulphurous acid and nitrous acid are evolved, 
and nitrate of baryta will now produce in the liquid a white precipitate of 
sulphate of baryta, which is insoluble in nitric acid. A sulphite reduces the 
chloride of gold from its acid solution slowly in the cold, but rapidly by heat. 
Arsenic acid is converted into arsenious acid by boiling it with a sulphite or 
with sulphurous acid. Bisulphite of soda is occasionally used in analysis for 
the removal of chlorine from liquids. The solid sulphites evolve sulphurous 
acid, when concentrated sulphuric acid is poured on them. This may be 
detected by iodic acid and starch. 

Sulphuric Acid (SO3). Oil of Vitriol (HOjSOg). 

Production. — This acid was first obtained by the distillation of sijlphate of 
iron, or green vitriol^ and was termed, from its appearance and consistency, 
oil of vitriol. It was formerly procured by the combustion of a mixture of 
eight parts of sulphur and one part of nitrate of potassa or soda in a furnace. 
During this combustion sulphurous acid and nitric as well as nitrous acid 
were evolved. It is now found more convenient to produce the sulphurous 
acid by burning sulphur or iron-pyrites under a regulated current of air in 
a furnace, and to decompose the nitrate- of potassa or soda by means of sul- 
phuric acid, in vessels or pots exposed to the heat of the burning sulphur— 
or in a separate chamber. The vapors are carried by the flues into capacious 
leaden chambers, which are sometimes 100 feet long, 20 to 30 feet wide, and 
10 to 16 feet high. On the floor of these chambers there is a stratum of 
water; and the decomposition of the gases by which sulphuric acid is pro- 
duced, is effected by the occasional introduction of jets of steam. The water 
on the floor of the chamber dissolves the products, and gradually becomes 
more and more acid: it is converted into diluted sulphuric acid. When it 
has thus acquired a specific gravity of 1*2 to 1*3, it is drawn off into shallow 
leaden boilers, where it is evaporated until it reaches a specific gravity of 
1 '^0. In addition to the loss of water by evaporation, any traces of sulphur- 
ous or nitric acid, are then expelled. At this density the acid would begin 
to act upon lead, and the heat required for its further evaporation, would en- 
danger the softening of the metal. At this degree of concentration, there- 
fore, the acid is run off into boilers, or into stills of platinum, which are set 
upon cast iron, and in which the further boiling down of the acid is continued 
until vapors of sulphuric acid begin to appear, or it has attained the specific 
gravity of 1-84. It is then drawn off by a syphon into a platinum cistern or 
cooler, and is thence transferred into carloys, or large bottles protected by 
basket work, each holding about 100 pounds of the acid. Before the intro- 
duction of platinum vessels, the evaporation was finished in glass retorts. 

In this process the sulphurous acid derived from the combustion of sulphur 
or pyrites is oxidized and converted into sulphuric acid by the agency of 
deutoxide of nitrogen and water. The nitric and nitrous acids, set free from 
the nitre, are deprived of three and two equivalents of oxygen respectively 
and sulphuric acid and deutoxide of nitrogen result (SSOa-fNOs+jN^O^— 
5S03-|-2NOa). As there is air in the chamber, the deutoxide of nitrogen 
is immediately converted to nitrous acid (2N03+04=2N04) and the nitrous 
acid thus produced, is again decomposed by the sulphurous acid. It will be 
perceived from this statement, that the deutoxide of nitrogen, once formed, 
serves as a medium for transferring the oxygen of air in the chamber to the 
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sulphurous acid ; and the operation is made continuous by allowing a certain 
quantity of air to pass into the chamber with the sulphurous acid. The 
amount of sulphuric acid produced, depends on the supply of sulphurous 
acid. Only a comparatively small proportion of deutoxide is needed for the 
change. 

Dry sulphurous and nitrous acids have no action on each other. The 
presence of a small quantity of aqueous vapor brings about their combina- 
tion, and a white crystalline solid is produced. This is decomposed by the 
water or steam, and while deutoxide of nitrogen is evolved, sulphuric acid is 
dissolved in the liquid. The composition of these crystals is viewed differ- 
ently by different chemists, but the following equation indicates the changes ; 
2S0,+ NO4, + 2HO=2(S03,HO) +N0,. 

The phenomena connected with the production of sulphuric acid may be 
easily witnessed by introducing sulphurous acid with nitrous acid vapor into 
a large glass globe, and adding water in a small quantity to produce the 
crystals, and afterwards in larger quantity to decompose them. In .the 
working chamber, the crystals are not commonly produced, as the jets of 
steam introduced and the abundance of water prevent their formation. Other 
methods of forming sulphuric acid have been proposed, but they have not 
been hitherto applied on a large scale. 

Properties. — Monohydrated sulphuric acid is a heavy oily-looking liquid 
— limpid, colorless, and inodorous. It gives off no vapor at common tem- 
peratures. The specific gravity of the pure acid is 1'842 at 60° (Pelouze). 
Dr. Ure states that he has met with it as high as 1*845, and Dr. Lyon 
Playfair has procured it as high as l'84if9. Sulphuric acid boils at a tem- 
perature of about 650*^, which, therefore, approaches a red-heat, and it may 
be distilled over without decomposition. Its boiling-point diminishes with 
its dilution; when of the specific gravity of I'tS it boils at 435° ; and at 
848° when its specific gravity is 1'63. Owing to the small amount of heat 
rendered latent by the vapor of sulphuric acid, it boils with explosive vio- 
lence, and gives off sudden jets of vapor. This may be obviated by intro- 
ducing into the liquid, broken glass or portions of platinum foil or wire. 
The vapor is readily condensed by mere cooling : it is not necessary to place 
the receiver in cold water. The concentrated acid freezes at — 30° ; and at 
the same time contracts considerably in its volume. When once frozen, it 
retains its solid state until the temperature rises to about the freezing-point 
of water. Sulphuric acid of a specific gravity of I'tS (which is a definite 
hydrate, containing one atom of anhydrous sulphuric acid, and 2 atoms of 
water,) freezes at 40°, but if the density of the liquid be either increased or 
diminished, a greater cold is required for its congelation. 

Sulphuric acid is intensely acrid and corrosive ; it acts speedily upon the 
skin, occasioning a biting sensation, and a soapy feel of the part, in conse- 
quence of its chemical action on the cuticle ; its taste, even when very largely 
diluted, is extremely acid, and it powerfully reddens litmus. It has a strong 
attraction for water, so that it absorbs aqueous vapor from the atmosphere 
and increases rapidly in bulk ; in moist weather three parts increase to four 
in the course of 24 hours, and by longer exposure a larger quantity of water 
is taken up, so that it requires to be preserved in well-closed vessels. It is 
this property which renders it applicable to the drying of certain gases, and 
to the purposes of evaporation and desiccation under the exhausted receiver 
of the air-pump. When sulphuric acid is suddenly mixed with water, mutual 
condensation ensues, and much heat is evolved. Four parts by weight of 
acid, specific gravity 1*84,. and one of water at 60° produce, when thus 
mixed, a temperature =300°. According to Dr. Ure, the greatest heat is 
evolved by mixing 13 of acid with 21 of water. Even a boiling temperature 
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does not prevent sulphuric acid taking up moisture from the air ; hence it 
cannot be concentrated so well in an open as in a close vessel ; on which 
account retorts, or large platinum stills, are used for the last stage of its con- 
centration, by manufacturers. The mixture of sulphuric acid with ice or 
snow causes its immediate liquefaction, and as this liquefaction, consistently 
with the theory of latent heat, produces cold, while on the other hand the 
union of the acid with the water evolves heat, the resulting temperature of 
such a mixture depends upon the relative proportions of the substances 
mixed. Four parts of acid and one of snow, or pounded ice, evolve heat ; 
but four parts of snow and one of acid, generate cold. Its affinity for water 
is so great that it will dehydrate and render colorless, crystals of sulphate 
of iron and sulphate of copper. At the boiling-point it will decolorize 
Prussian blue ; but the blue color is restored on adding water. 

Sulphuric acid, under ordinary circumstances, displaces the greater number 
of other acids from their combinations ; thus, in the humid way, it decom- 
poses the phosphates and the borates; at a red heat, however, the phosphoric 
and the boracic acids, which are comparatively fixed in the fire; expel sul- 
phuric acid from its salts. A solution of sulphate of lime is decomposed by 
oxalic acid, which forms an insoluble oxalate of lime ; and the tartaric, 
racemic, perchloric, and picric acids decompose sulphate of potassa in solu- 
tion. In consequence of its strong affinity for water, sulphuric acid chars 
most organic substances ; it acquires a brown tinge from the smallest par- 
ticles of straw, cement, or dust, that accidentally fall into it ; it appears 
capable of dissolving small portions of charcoal, and also of sulphur, tellu- 
rium, and selenium ; these substances give to it various tints of brown, red, 
and green, or blue, and are precipitated when the acid is diluted with water; 
but if heat be applied, they are oxidized at the expense of the acid, and 
sulphurous acid is evolved. 

When heated with charcoal, sulphuric acid gives rise to the production 
of carbonic and sulphurous acids (C + 2SO3 — CO2+2SO3) : with sulphur, 
sulphurous acid is the only product (8 + 2803=3802). It is decomposed 
by several of the metals, which become oxidized and evolve sulphurous acid, 
as shown in the production of this acid by boiling sulphuric acid with copper, 
silver, mercury, tin, or lead. Gold and platinum are not affected by the 
acid even at the boiling-point. When metals, such as zinc and iron, are 
acted on in the cold by diluted sulphuric acid, the water only is decomposed, 
its oxygen, being transferred to the metal, forms a metallic oxide, which 
unites to the undecomposed sulphuric acid to form a sulphate of the oxide, 
whilst the hydrogen is evolved in the gaseous form. 

The strength of sulphuric acid is generally determined by its specific 
gravity, after its freedom from any solid impurities has been determined by 
evaporation. According to Dr. lire, the proportion of dry acid contained 
in 100 parts of liquid acid at different specific gravities is as follows :— 
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In ascertaining the specific gravity of sulphuric acid, the temperature 
requires minute attention, because from the small specific heat of the acid it 
is easily affected, and because it greatly influences the density. When accu- 
racy is required, the strength of the acid may be determined by its saturating 
power. For this purpose, a given weight of the acid is diluted with six or 
eight parts of water, and a solution (of known strength) of pure carbonate 
of soda added until the solution is exactly neutral (see Alkalimetry). Every 
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54 parts of anhydrous carbonate of soda are equivalent to 40 parts of the 
anhydrous acid, or to 49 of the liquid sulphuric acid, or oil of vitriol, of the 
specific gravity of 1'84. Besides lead and potassa, tin and arsenic are some- 
times found in sulphuric acid : the tin and lead are derived from the leaden 
chambers, and the arsenic from the sulphur or pyrites. The methods of 
detecting these impurities will be described under the respective metals. 

Tests. — The concentrated acid. — 1. It carbonizes a splint of wood intro- 
duced into it. 2. It evolves sulphurous acid when boiled with metallic 
copper. 3. Diluted with its volume of water, heat is evolved. The diluted 
acid. — In the most diluted state a salt of baryta, added to the liquid, throws 
down a white precipitate of sulphate of baryta, which is insoluble in acids 
and alkalies. Diluted sulphuric acid does not carbonize organic matter 
until the water has been driven off by heat, and the acid is thus concentrated. 
A streak of the diluted acid on paper, when heated, produces a black mark 
by carbonizing the paper. Pure sulphuric acid should leave no residue on 
evaporation. 

The presence of nitric or nitrous acid is indicated in sulphuric acid by the 
change of color produced on adding a few drops of a concentrated solution 
(or a crystal) of protosulphate of iron ; a solution of narcotine is also red- 
dened by sulphuric acid containing nitrous acid. Sulphurous acid is detected 
by its odor and by discharging the color of permanganate of potassa. 

Anhydrous Sulphuric Acid {Sulphuric Anhydride). — When crystallized 
green vitriol, or protosulphate of iron, is exposed to a dull red heat, it 
crumbles into a white powder, and loses the greater part of its water of 
crystallization. In this state, if put into a coated earthen or green glass 
retort, and gradually exposed to a full red heat, a dark-colored liquid is 
distilled over, of a specific gravity of about 1'89. This has been called 
Nordhausen^ or Saxon sidphuric acid: it evolves a vapor when exposed to 
air, owing to the escape of the highly volatile dry sulphuric acid, which is 
united in the brown liquid to a portion of hydrated acid. The brown, 
fuming acid is a ready and perfect solvent of indigo. It is resolved by heat 
into the common and the anhydrous acid. The changes which take place 
in its production may be thus represented: 2(FeO,S03) = S03-f-S03+ 
Fe^Og-, but the sulphate of iron is not entirely dehydrated, so that a portion 
of hydrated acid is distilled over at the same time. The Saxon acid is 
generally supposed to be thus constituted : S03+S03,IIO ; but the propor- 
tion of hydrated acid is subject to variation. 

The dry or anhydrous sulphuric acid may be separated from this brown 
(or Nordhausen) acid, by a careful distillation from a retort into a dry and 
cold receiver ; it passes over in drops, which concrete, on cooling, into a 
tenacious crystalline mass resembling asbestos. The acid is liquid at tem- 
peratures above 66*^ ; and at 18° its specific gravity is l'9t. When it has 
once congealed, it is difficult to fuse it, because the first portions heated 
become vapor, and propel the rest forward; by slight pressure, however, 
this may be prevented. When kept at a temperature between 15° and 80^, 
it gradually liquefies. At a temperature of 110^, it boils and evolves a 
colorless vapor, the density of which, according to Mitscherlich, is 3. The 
calculated density is 2*77, so that 100 cubic inches would weigh 85*969 
grains. In the absence of all moisture, it has no action upon litmus-paper. 
Passed through a red hot porcelain tube, anhydrous sulphuric acid is 
resolved into one volume of oxygen and two of sulphurous acid. Caustic 
lime or baryta, heated in its vapor, becomes ignited, and is converted into 
sulphate. The attraction of this anhydrous acid for water, is such as to 
produce intense heat and a hissing noise when small portions of it are thrown 
into that liquid ; and if a sufficient quantity of it be added to such a proper- 
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tion of water as is required to convert it into hydrated acid, they combine 
with heat, light, and explosion. 

Anhydrous sulphuric acid may also be obtained by the action of anhy- 
drous phosphoric acid upon monohydrated sulphuric acid. (Barreswill.) 
The phosphoric acid is put into a stoppered retort surrounded by ice and 
salt, and the oil of vitriol gradually added so as to prevent a rise of temper- 
ature, to the amount of two-thirds of the weight of the phosphoric acid; the 
retort is then removed from the freezing mixture, and a receiver placed there, 
to which the retort is adapted ; on applying a gentle heat, the anhydrous 
sulphuric acid is distilled over, and is condensed in white silky crystals in 
the cooled receiver. The principal requisite precaution in this process, is to 
keep the acids sufficiently cool, whilst mixing them in the retort {Pharm. 
Journ., 8, 121.) It has also been procured by distilling at a high tempera- 
ture the dry bisuiphate of soda. 

It appears, then, that this extraordinary substance, which is thus volatile 
and easy of congelation, forms, by combining with water, the fixed and with 
difficulty congealable oil of vitriol, and that it contains sulphur and oxygen 
in the same proportions as they exist in the acid of the dry sulphates. From 
its resolution when passed through a red hot tube, into one volume of sul- 
phurous acid and half a volume of oxygen, and likewise from the experiments 
of Berzelius upon the direct acidification of sulphur, it appears that the 
anhydrous sulphuric acid consists of :— - 

Atoms. Weights. Per cent. 

Sulphur 1 ... 16 ... 40 

Oxygen 3 ... 24 ,.. 60 

Anhydrous sulphuric acid ... 1 40 100 

The sp. gr. of the vapor is found to be 3*01. Assuming that one volume 
of sulphurous acid and half a volume of oxygen are condensed into one 
volume of the vapor, the sp. gr. would be 2"764. 

The liquid hydrated sulphuric acid, or oil of vitriol, when of the sp. gr. 
1*846, consists of :— > 

Atoms. Weiglits. Per cent. 

Dry sulphuric acid . . . .1 ... 40 ... 81-64 
Water ...... 1 ... 9 ... 18-36 



Monohydrated sulphuric acid • .1 49 100-00 

The compound of sulphuric acid and water of the specific gravity 1*18, 
which has been above stated to congeal at 40^, remains solid until the tem- 
perature rises to 45^ : it is a definite combination of 1 atom of anhydrous 
acid +2 atoms of water. The acid of specific gravity 1*632, appears also 
to be a hydrate containing 1 atom of anhydrous acid and 3 atoms of water, 
for it is to this strength that a diluted sulphuric acid, evaporated m vacuo 
at 212^, is reduced ; and it is also in these proportions, that sulphuric acid 
and water suffer the greatest dinlinution of bulk in combining. It would 
appear, therefore, that there are three definite hydrates of sulphuric acid, of 
which the following are the formulae, specific gravities, and boiling-points :— 

Formula. Sp, Gr. Boils at Congeals at 

Monohydrate . . SO3, HO ... 1-846 ... 650O ... — 30o 
Blhydrate . . S03,2HO ... 1-780 ... 4350 ... 40O 

Terhydrate . . S03,3H0 ... 1-632 ... 3480 ... 

Each of these hydrates contains in 100 parts, the following proportions of 
dry acid and water :-- 

Monoliyd. Bihyd. Terliyd. 

Anhydrous acid . . . 81-64 ... 70*94 ... 61-16 
Water . « , . . 18'36 ... 29-06 ... 38-84 
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According to Dr. L. Playfair, the variation in the sp. gr. of the monohy- 
drated acid, as given by Bineau and Marignac— namely, 1*842 to 1'845— 
may depend upon the temperature at which it has been distilled. Dr. Play- 
fair found that from an acid of a sp. gr. of 1*848 (81*62 per cent, of anhydrous 
acid), he obtained a distillate of a sp. gr. of 1*840 (80*12 per cent.). This 
acid, therefore, lost by distillation one and a half per cent, of anhydrous acid. 
The weak acid thus obtained, was heated for half an hour to 550^;, and after 
cooling, it gave an acid of 1*8479 (81*61 per cent, of anhydrous acid). 
Hence it follows, that there is a monohydrate which loses anhydrous acid 
above 550°, and water below , this temperature; so that a strong acid is 
weakened by\)eing heated above 550°, and a weak acid is strengthened by 
heating it to a temperature not exceeding 550°. The different temperatures 
at which the acid has been concentrated, may thus explain the variations 
recorded in its specific gravity and strength. {Ghem, News, vol. 3, p. 21.) 

Sulphates. -^Hh^^Q salts in the anhydrous state are represented by the 
formula MOjSOg. Among the alkalies, there are some which form acid sul- 
phates, such as potassa and soda, in which two equivalents of acid are united 
to one of oxide. These are called Usulphates (MO,2S03). These salts 
resist a high temperature, but are readily decomposed when heated with two 
or three parts of charcoal, sulphides of the metals being produced. They 
are converted into sulphides at a still lower temperature, when heated in a 
close vessel with cyanide of potassium. An insoluble sulphate, such as that 
of baryta, is thus easily recognized by its conversion into sulphide. A slight 
trace of any soluble sulphate, may be detected by the addition of a salt of 
baryta to the liquid. If a sulphate is present, a white precipitate of sul- 
phate of baryta, insoluble in nitric acid, will be produced. 

HYPOSULPHUROUS Acid {Dithionous Acid), (S3O3). — This acid is only 
known in the combined state. Its salts, now called Hyposulphites, were 
originally described by Gay-Lussac {Ann. de Ghim. 85), under the name of 
sulphuretted sulphites. Thomson first suggested the term hypo sulphurous for 
the peculiar acid of sulphur contained in these compounds {Syst. of Ghem.y 
181*7), and they were afterwards examined by Herschel. {Edin. Phil. Journ.) 
When an attempt is made to separate the acid from its salts by adding an 
acid to the solution, sulphurous acid escapes, and sulphur is precipitated. 

Hyposulphites. — These salts are formed, 1. When sulphur is digested, at 
a high temperature but without ebullition, in a solution of a sulphite ; in 
which case the oxygen of the sulphurous acid divides itself between the 
original and the newly added sulphur: thus we obtain hyposulphite of soda 
by digesting finely powdered sulphur in a hot solution of sulphite of soda, 
]SraO,S02, + S, becoming NaOjSaOg. 2. When sulphurous acid gas, is passed 
through a solution of an alkaline sulphide, until it no longer precipitates sul- 
phur ; thus, we obtain hyposulphite of so^a by passing sulphurous acid gas 
through a solution of sulphide of sodium ; in which case 2NaS, and SSO^y 
become QNaOjSSaO^j-l-S. The properties of the acid may be studied in its 
salts, and for this purpose the hyposulphite of soda may be selected. This 
compound is now manufactured on a large scale for the purposes of photo- 
graphy. Hyposulphite of soda dissolves every compound of silver excepting 
the sulphide, and that portion of a silver salt which has been decomposed by 
light. Even the insoluble chloride is easily taken up by it, and the solution 
has a sweetish taste. The acid forms soluble double salts with silver and 
gold. A hyposulphite precipitates a solution of lead, but redissolves the 
precipitate when added in excess. Hyposulphurous acid forms soluble com- 
pounds with all the alkalies and alkaline earths, excepting baryta, the salts 
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of which are precipitated by a hyposulphite. The admixture of a sulphate 
is thus easily known ; a salt of strontia, which does not precipitate a pure 
hyposulphite, throws down any sulphate which may exist in it as impurity. 
A hyposulphite dissolves iodine, destroys the blue color of iodide of starch, 
and decomposes iodic acid, setting iodine free ; but it has no action on iodide 
of potassium. 

Tests. — -A hyposulphite may be recognized, 1. By the separation of sul- 
phur and sulphurous acid, when its solution is treated with an acid: 2. By 
its giving at first a white precipitate with a solution of nitrate of silver, solu- 
ble in an excess of the hyposulphite. It dissolves readily the chloride of 
silver ; the bromide, iodide and cyanide are also dissolved by it. If nitrate 
of silver is added in excess to a solution of a hyposulphite, the white precipi- 
tate which is at first formed rapidly undergoes various changes of color, to 
yellow, brown, and black — sulphide of silver being ultimately formed; 3. By 
its yielding a black precipitate with protonitrate of mercury; 4. It gives a 
white precipitate with a salt of lead (hyposulphite) which is soluble in an 
excess of Uie solution. 

It has been shown by Rose {Poggendorffh Annalen, 21), that although 
the ratio of the sulphur to the oxygen in this acid, is as 16 to 8, its equiva- 
lent, or combining proportion, is not 24, but 48, hence it must be considered 
as a compound of 

Sulphur , . 2 32 66-67) _ (Sulphur . . 1 16 33-33 

Oxygen. , . 2 16 33-33) "~ ( Sulphurous acid 1 32 66-67 

Hyposulphurous acid 1 48 100-00 1 48 100-aO 

Hyposulphurio Acid {Dithionic Acid) (S^OJ was discovered by Gay- 
Lussac and Welther. It is obtained by passing a current of sulphurous acid 
through a cold mixture of finely-powdered and pure peroxide of manganese 
and water : 2S03-f Mn02=MnO,S20g. A solution is obtained, which is fil- 
tered and thoroughly agitated and digested with hydrated baryta, which 
must be added in small excess. The sulphuric acid and the greater part of 
the oxide of manganese are thus precipitated. The solution is again filtered 
and evaporated until it crystallizes, and the crystals of h^posulphate of baryta 
are a second time dissolved and obtained by evaporation, in order to pro- 
cure them free from manganese ; they are then dried, powdered, weighed, 
and dissolved in water ; and to every hundred parts of the dissolved salt, 
18*78 parts of sulphuric acid, of the specific gravity of 1*84, diluted with 
four parts of water, are added. The baryta is thus thrown down in the 
state of sulphate, and the new acid remains in solution. Having been fil- 
tered, it is to be concentrated by exposure under the exhausted receiver of 
an air-pump, including a vessel of sulphuric acid, until it acquires a density 
of 1*347. If the exposure and evaporation be continued beyond this point, 
it is resolved into sulphuric and sulphurous acids (Sj^Og^SOg+SOg). A 
temperature of 212^ effects the same change in its composition. It is an 
inodorous acid, and reddens vegetable blues. It has not been obtained in 
an anhydrous state. 

Hyposulphates. — These salts are remarkable for their solubility. When 
heated, they are resolved into sulphates, and sulphurous acid escapes. In 
the cold, sulphuric acid does not so act upon them as to set free sulphurous 
acid ; but this acid is evolved on boiling. They do not give a deposit of 
sulphur when an acid is added to their solutions. 

Trithionic Acid (SgOg). — If three atoms of bisulphite of potassa in a 
saturated solution in water, are digested with two atoms of sulphur, hypo- 
sulphite and trithionate of potassa are produced, as in the following equation, 
14 
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(B[KO,2SOJ + 2S==2[KOS305] + [KO,S,OJ). The acid may be obtained 
from the trithionate by adding tartaric acid to the solution, but it soon under- 
goes decomposition. It gives no precipitate with the salts of baryta or 
lead. When a trithionate is heated, sulphur and sulphurous acid are given 
off, and a sulphate of the alkali remains. 

Tetrathionic Acid (S^O^).— This acid was obtained by Fordos and Gelis 
(Ann. de Oh. et Ph.^ Dec. 1842) by carefully decomposing its combination 
with baryta by sulphuric acid, so diluted as to avoid elevation of temperature. 
The tetrathionate of baryta may be procured by the reaction of iodine on hypo- 
sulphite of baryta 2(BaO,Sy03+I=BaI+BaO,S405). The diluted acid may 
be boiled without decomposition, but as it becomes concentrated, it deposits 
sulphur, evolves sulphurous acid, and the liquid contains sulphuric acid. 
The acid is not affected by dilute hydrochloric or sulphuric acids, but nitric 
acid throws down sulphur. 

Pentathionic Acid (S505).=This compound is produced by the reaction 
of sulphuretted hydrogen on a solution of sulphurous acid. Sulphur is 
deposited and the two preceding acids are simultaneously produced. 

Sulphur and Hydrogen. Hydrosulphurio Acid (HS). Sulphydric 
acid. Sulphuretted Hydrogen (7a5.— This compound was discovered by 
Scheele in 111T. The two elements cannot be made to combine directly 
under ordinary circumstances ; but when hydrogen is set free in the nascent 
state, in contact with a sulphur compound, this gas is immediately produced, 
and is recognized by its disagreeable odor. Sulphuretted hydrogen is thus 
evdlved in the decomposition of many organic substances and in the action 
of water on the alkaline sulphides, on iron pyrites, as well as in the decom» 
position of water by heated coke containing sulphur. 

Prepara^^o?^.-=»■Protosulphide of iron may be prepared by rubbing a roll 
of sulphur on a bar of wrought-iron heated to a full red heat, and collecting 
the compound as it melts in a pail of cold water. One part of this sulphide 
broken into small fragments may be placed in a retort with four or five 
parts of water and one part of sulphuric acid. The heat produced by the 
mixture of acid and water is sufficient to liberate the gas copiously. It is 
dissolved by water, and acts chemically upon mercury. It should be col- 
lected over a bath holding a small quantity of water, placed near to or under 
a flue. The chemical changes which ensue in its production, may be thus 
represented: reS+S03,HO==HS + FeO,S03. The gas, as it is thus pro- 
duced, generally contains a portion of free hydrogen. A mixture of sulphide 
of antimony and of hydrochloric acid also evolves, when heated, hydrosul- 
phuric acid gas. 

Pro^er^^e^.-— Hydrosulphurio acid is a colorless gas at common tempera- 
tures and pressures. Under a pressure of about seventeen atmospheres at 
50^, it assumes the liquid form : it is then limped, and apparently possessed 
of a refractive power exceeding that of water; its specific gravity is about 
0*9. When a tube containing it was opened under water, It instantly and 
violently rushed forth under the form of gas (Faraday, Phil. Tram., 1823, 
p. 92.) When cooled to 122^ below 0^, it solidifies, and it is then a white 
crystalline translucent substance, heavier than the liquid. 

The gas has a peculiarly nauseous fetid odor, resembling that of rotten 
eggs, and so diffusible, that a single cubic inch escaping into the atmosphere 
of a large room, is soon perceptible by its smell in every part. 100 cubic 
inches weigh 36 '38 grains. Its specific gravity compared with air is as 
1-114T to 1 : and compared with hydrogen as IT to 1. It is inflammable, 
burning with a pale blu,e flame, evolving the odor of burning sulphur. 
During its slow combustion, sulphur is deposited, and water and sulphurous 
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acid are formed (HS + 03=803+ HO). It extinguishes the flame of a taper. 
When respired, it proves fatal ; and it is very deleterious, even though 
largely diluted with atmospheric air. Nausea, giddiness, headache, and a 
peculiar faintness, with loss of appetite, are the usual symptoms produced, 
when an atmosphere even slightly contaminated by sulphuretted hydrogen 
has been breathed for any length of time. When its escape into the labora- 
tory cannot be prevented, its effects may be counteracted by the diffusion of 
a little chlorine, or by sprinkling the room with an aqueous solution of 
chlorine. The gas exists in some mineral waters, which are thence called 
sulphureous, such as those of Harrogate. It is also found in the air and 
water of foul sewers, and in putrescent animal matter. 

Water dissolves three times its volume of this gas at 60°. The aqueous 
solution is transparent and colorless when recently prepared, but gradually 
becomes opalescent, and if exposed to air it deposits sulphur^ while the 
hydrogen combines with the oxygen of air to form water. The whole of 
the gas is evolved by heat. It is an exceedingly delicate test of the presence 
of most of *the metals, with which it forms colored precipitates. The colors 
of the sulphides produced, when accurately observed, serve to identify the 
respective metals. Thus arsenic and cadmium give a yellow, silver, lead, 
and bismuth a black, antimony an orange, and zinc a white sulphide. The 
symbols of the different metals may be printed on paper in the respective 
metallic solutions, and the paper exposed in a jar containing the gas. The 
colors produced by the different metals, are at once indicated by the symbols. 
One measure of sulphuretted hydrogen mixed with 200,000 measures of 
hydrogen, carburetted hydrogen, or atmospheric air, produces a sensible 
discoloration of white lead, mixed with water, and spread upon a piece of 
card, or on test-paper impregnated with a salt of lead. Cards which have 
been glazed with white lead are useful as a test for this gas. In this way 
we may ascertain the presence, in coal-gas or air, of extremely small quan- 
tities of sulphuretted hydrogen. The card or paper acquires a color varying 
from a pale brown to black, a^ccording to the quantity of the gas present in 
the mixture, or the length of exposure. The gas is entirely dissolved by a 
solution of potassa or ammonia. 

Sulphuretted hydrogen reddens infusion of litmus and moist litmus-paper ; 
it is generally classed among the hydracids, and is not, therefore, considered 
to unite directly with the basic oxides, a metallic sulphide and water being 
the usual results of their mutual reaction (HS,MO=MS,HO) ; it combines 
certain sulphides (basic, sulphides), and forms a class of sulphur salts; 
compounds which are analogous to the hydrated oxides, if we substitute 
sulphur for oxygen. 

When hydrogen becomes sulphuretted hydrogen, its volume is unchanged ,• 
and when one volume of sulphuretted hydrogen is detonated with half its 
volume of oxygen, water is formed and sulphur is precipitated (HS + = 
HO + S), the whole of the mixed gases being condensed. But when a volume 
of sulphuretted hydrogen and a volume and a half of oxygen are inflamed in 
a detonating tube, one volume of sulphurous acid is produced, and water Ib 
condensed. Thus the sulphur is transferred to one volume of the oxygen, 
and the hydrogen to the half volume. This gas, therefore, consists of its 
volume of hydrogen plus one-sixth of its volume of sulphur, or 16 parts by 
weight. 

Atoms. Weights. Per cent. Vols. Sp. Gr. 

Sulphur . . . . 1 ... 16 ... 94-1 ... i ... 1-1056 
Hydrogen. . . . 1 ... 1 ... 5.9 ... 1 ... 0-0691 

Sulphuretted hydrogen . 1 17 100-0 1-00 1-1747 
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It will be observed that this compound differs from the other hydracid 
gases in undergoing condensation : hence its atomic volume, which is always 
equal to the hydrogen present, is represented by 1. The hydrochloric, 
hydriodic, and hydrobromic acids have an atomic volume represented by 2, 
the hydrogen being equal to on)y one-half of the volume of the gas. 
Whether sulphur be considered as representing one-sixth, one-third, or a 
whole volume of vapor, the result is the same; it adds nothing to the volume 
of this gas. In constitution this gas resembles water, if we suppose sulphur 
to be substituted for oxygen, rather than the hydracid gases of the halo- 
genous elements. When a current of the gas is heated to full redness in a 
glass tube, it is decomposed, and sulphur is deposited. Spongy platinum 
does not effect the combustion of a mixture of sulphuretted hydrogen and 
oxygen unless free hydrogen be also present. 

Chlorine, iodine, and bromine, in vapor, instantly decompose hydrosul- 
phuric acid gas ; when they are not in excess, sulphur is deposited, and 
hydrochloric, hydriodic, and. hydrobromic acids are formed. Strong nitric 
acid poured into the gas occasions a deposition of sulphur, and nitrous acid 
and water are formed, with a considerable elevation of temperature, and 
occasionally flame. A fold of bibulous paper dipped in the acid may be 
safely introduced. An aqueous solution of the gas is also decomposed by 
these reagents. When two volumes of this gas are mixed in an exhausted 
vessel with one of sulphurous acid, they mutually decompose each other, 
occasioning the production of water, and the deposition of sulphur (2HS4- 
S02=2HO + 3S). If the gases are perfectly dry, the action is slow. Strong 
sulphuric acid also decomposes hydrosulphuric acid ; the results are water, 
sulphurous acid, and sulphur (HS+S03=HO + S02+S) : but if the acid be 
diluted with four or five parts of water, it has no action, and if in that case 
it is rendered turbid by the gas, the presence of sulphurous or arsenious 
acid may be suspected. Hydrosulphuric acid decomposes chromic as well 
as iodic acid, and in the latter case sets free iodine. Sulphur is in these 
cases precipitated. Hydrochloric acid has no action on it. It is completely 
oxidized and the odor is removed by an alkaline permanganate. Chloride 
of zinc decomposes it, and sulphide of zinc is formed. The gas is rapidly 
absorbed by charcoal, the hydrogen is oxidized and sulphur is deposited. 
If a weak solution of sulphuretted hydrogen is shaken with powdered char- 
coal, the smell of the gas rapidly disappears, and on filtering the liquid it no 
longer acquires a brown color by the addition of a salt of lead. Owing to 
this property. Dr. Stenhouse has recommended the use of a charcoal-respi- 
rator for persons who may breathe the exhalations of sewers. 

One of the most efficient metallic compounds for the removal of sulphu- 
retted hydrogen either in the gaseous or dissolved form, is thehydrated per- 
oxide of iron. The substance is now largely employed for the separation 
of sulphuretted hydrogen from coal-gas. Black sulphide of iron and water 
are formed, and sulphur i's set free (Fe,03+3HS=3HO-f FeS + S). The^ 
change takes place on contact, but more rapidly when aided by heat and 
moisture. The sulphide of iron is reconverted into oxide on exposure to 
air [2FeB + 03(air) = re303+SJ. This fact illustrates the facility with 
which sulphur and oxygen may replace each other in metallic combinations. 

When potassium or sodium is heated in hydrosulphuric acid gas, a sulphur- 
salt of the metal is formed with vivid combustion, and pure hydrogen is 
liberated (K4-2HS=KS,HS + H). When tin or lead is heated in the gas, 
they also decompose it, and absorb the sulphur, leaving a volume of hydro- 
gen equal to that of the original gas. Passed over metallic oxides, wat^er 
and metallic sulphides are the results : the different oxides effect this decom- 
position at very different temperatures. 
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Tests. — I. The odor of the gas is sufficient to reveal its presence, even 
when it forms only 1-200, 000th part of the atmosphere. 2. Paper wetted 
with a solution of acetate of lead and dried, or a glazed card, will indicate, 
by the appearance of a brown color, the presence of the gas, even when the 
proportion is infinitesimal. The same tests apply to the presence of sulphu- 
retted hydrogen in water. In addition, a portion of leaf-silver may be 
allowed to remain in the water for some hours. If the gas is present, the 
silver will be sooner or later tarnished. 

PersulpMde of Hydrogen.-— This is a liquid compound, the composition of 
which is not accurately known, but it is supposed to be HS-. It is procured 
by adding a solution of persulphide of calcium to diluted hydrochloric acid. 
Under these circumstances, sulphuretted hydrogen is not produced, but the 
greater part of the sulphur remains united to it, producing a heavy yellow 
liquid, which subsides to the bottom of the glass. It has a sp. gr. of I'tG ; 
it is inflammable, and is rapidly decomposed in water or by exposure to air. 
Sulphide of Ammonium (NH4S).— As ammonia is not a metallic oxide, it 
is assumed that when hydrosulphuric acid meets with this alkaline gas, the 
hydrogen is at once transferred to the ammonia, producing ammonium, with 
which the sulphur remains combined. If the dry gases are placed in contact, 
a volatile anhydrous crystalline compound is produced, which has the com- 
position NH3+2HS, or, as it is frequently represented, NH^S + HS. The 
crystals are soluble in water. The sulphide of ammonium, commonly used 
as a test, is really the hydrosulphate of the sulphide, and has the composition 
above given. The ordinary solution is made by saturating with sulphuretted 
hydrogen one-half of a measured quantity of a solution of ammonia, and 
then adding to it the other half. At first the liquid is pale, but after some 
time, and as a result of exposure to air, it acquires a deep yellow color, 
owing to the liberation of sulphur and the production of bisulphide of am- 
monium (NH4S3). A portion of the hydrogen combines with the oxygen of 
the air. It is ultimately converted into hyposulphite of ammonia, and sul- 
phur is precipitated. If the solution of sulphide is properly prepared, it 
should give no precipitate with a solution of sulphate of magnesia. The liquid, 
when concentrated, evolves an irritating vapor, which is strongly alkaline, and 
has a very offensive odor. It is a convenient test for the precipitation of nu- 
merous metals as sulphides. With some of these it enters into combination, 
forming double sulphides. 

Persulphide of Ammonium. — This is a compound of sulphuretted hydro- 
gen and ammonia, with excess of sulphur. It is probably a bisulphide. It 
is obtained by distilling a mixture of about 4 parts of slaked lime, 2 of hy- 
drochlorate of ammonia, and 1 of sulphur. In its concentrated state, this 
compound exhales white fumes ; hence it was formerly called Boyleh fuming 
liquor. It is a deep yellow liquid, smelling like a mixture of sulphuretted 
hydrogen and ammonia. It dissolves sulphur. 

Sulphides. — The soluble monosulphides are easily recognized : 1. By the 
odor of sulphuretted hydrogen when wetted, or when an acid is added. 2. 
In solution, by the deep brown or black precipitate, which is produced on 
adding a salt of lead. 3. By the rich purple or crimson color produced on 
the addition of a few drops of a fresh solution of nitroprusside of sodium. 
The color produced in this reaction, is of a blue or splendid purple tint, when 
the alkaline sulphide is in small quantity, and of a rich crimson, in stronger 
solutions. The color is slow in appearing in a weak solution of sulphide, 
and sooner or later fades. As the nitro-prusside produces no change of 
color, in a solution of sulphuretted hydrogen, this reaction enables a chemist 
to say whether the solution is or is not mixed with any traces of sulphide. 
The monosulphides may be represented by MS, the sulphuretted sulphides 
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by MS,HS, and a polysiilphide by MS,. Solutions of pure monosulphides 
are pale, and evolve sulphuretted hydrogen without yielding a precipitate of 
.sulphur, when hydrochloric acid is added to them. Solutions of persulphides 
have a deep orange or amber color, and when treated with an acid, not only 
evolve sulphuretted hydrogen, but give an abundant precipitate of sulphur of 
a pale lemon- white color {precipitated sulphur). 

Chloride oe Sulphur (SCI).— -When sulphur is heated in an excess of 
dry chlorine, it absorbs rather more than twice its weight of this gas. Ten 
grains of sulphur absorb 30 cubic inches of chlorine, and produce a liquid 
of a greenish-yellow color by transmitted light, but orange-red by reflected 
light. The combination also takes place at common temperatures, and may 
be effected by passing an excess of dry chlorine through a tube containing 
powdered sulphur. Chloride of sulphur exhales suffocating and irritating 
fumes when exposed to the air. Its specific gravity is 1*60. It boils at 
146°, yielding a vapor of the density of 3-70. 

Diohloride oe Sulphur-, Subohloride of Sulphur (SgCl).— -When the 
preceding liquid is saturated with sulphur, it deposits a portion, often in 
crystals, but retains an additional atom of sulphur, forming a yellow-brown 
liquid of the specific gravity of 1*686. It boils at 2820. The density of 
its vapor is 4 'TO. It is a powerful solvent of sulphur, and is used in the 
cold vulcanization of caoutchouc. It also dissolves phosphorus. Tetra- 
hedral crystals of sulphur may be obtained from this liquid, the deposition 
of which is much influenced by light. According to Hose {Poggendorffh 
Ann., xxxi.), this is the only chloride of sulphur, and the preceding com- 
pound is merely a solution of chlorine in this dichloride. When dropped 
into water, it gradually yields hydrochloric acid, sulphur, and hyposulphurons 
acid, the latter resolving itself into sulphurous acid and sulphur ; 2S2C1,2 
H0=2HC1,S03,3S. 

Sulphur forms compounds with bromine, SBr; with iodine, SI ; and nitro- 
gen, S3N ; but these present no features of interest. 

Selenium (Se=40). 

Selenium was discovered in ISlt by Berzelius, during an examination of 
certain substances, found in the sulphuric acid, manufactured at Gripsolm, 
in Sweden. {Ann. Gh. et Ph.^ ix. 160.) The sulphur used in these works 
is procured from the iron pyrites of Fahlun, and the acid obtained from it 
deposits a red matter, which was supposed to contain tellurium, but which 
was proved to be a distinct substance, to which its discoverer gave the name 
of Selenium, from 6^'krivfij the moon. It resembles sulphur, and is generally 
placed next to it among the non-metallic bodies. 

Prejf9ara^^o?^.— Selenium may be obtained by the decomposition of selenic 
acid, which may be effected by adding hydrochloric acid to its solution in 
water, and immersing a plate of zinc in the mixture : a gray or reddish-brown 
flocculent 'precipitate of selenium is then deposited. Selenium may also be 
extracted from the native sulphide of iron which contains it, by mixing the 
powdered sulphide with eight parts of peroxide of manganese, and exposing 
the mixture to a low red heat in a glass retort, the beak of which dips into 
water. The sulphur, oxidized at the expense of the manganese, escapes in 
the form of sulphurous acid gas, while the selenium is either sublimed in 
vapor or in the state of selenious acid : should any of the latter go over into 
the water it would there be reduced to selenium by the sulphurous acid. 

Properties. — -Selenium, when cooled after fusion, has a reddish-brown 
color, and a dim metallic lustre; it is very brittle and its fracture is of a lead- 
gray color. Its specific gravity is 4*32. Specific heat=0'083*7. Obtained 
from its solutions by precipitation upon zinc, it is red, but becomes black 
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when boiled in water. It has neither taste nor smell. When fused, and 
very slowly cooled, its surface is granular, without lustre; and its fracture 
dull, like that of metallic cobalt. It is easily reduced to a powder, which is 
red. It is a non-conductor of heat and electricity. Selenium is softened 
by heat, becoming semifluid at 212^, and melting at a temperature some- 
what higher ; it remains for some time soft on cooling, and may be drawn 
out into filaments like sealing-wax, which are of a gray metallic lustre by 
reflected light, but by transmitted light of a clear ruby-red. Heated in a 
tube to about 650^, it boils, and is converted into a yellow vapor, which 
condenses into black drops that run together like quicksilver. It is entirely 
volatile. It does not, like sulphur, assume a crystalline state on cooling. 
Heated in the open air it rises into vapor, which may be condensed into a 
red powder. It is characterized by tinging flame of a light-blue color, and 
by exhaling, when strongly heated, a peculiarly offensive odor. It is com- 
bustible, but when ignited it does not continue to burn, like sulphur. It 
evolves no acid vapor resembling sulphurous acid. It is insoluble in water, 
and scarcely dissolved by benzole, except at the boiling-point. Its best 
solvent is boiling sulphide of carbon, but it is taken up in very small pro- 
portion, and is left as a red powder by spontaneous evaporation. Powdered 
selenium when heated in liquids, even in solutions of alkalies, has a ten- 
dency to agglutinate, forming a mass which the solvent scarcely attacks. 
Selenium is considered to exist in two different states— the one vitrous and 
the other metallic-looking. The vitreous condition is obtained by the slow 
cooling of the melted substance. In this allotropic state, it is insoluble in 
sulphide of carbon, while in the other form, it is soluble. 

When sulphur is mixed with selenium, they may be separated by defla- 
grating the mixture with nitrate and carbonate of potash. Sulphate and 
seleniate of potassa are obtained, which may be separated by the process 
described under Seleniates. 

Assuming the combining volume of the vapor of selenium to be the same 
as that of sulphur, and that one volume of selenious acid includes one 
volume of oxygen, and one-sixth of a volume of selenium vapor, then the 
density of the latter would be by calculation 16*6392 (air=l), and 
compared with hydrogen 240 ; 100 cubic inches would weigh 515*8 grains. 
Selenium forms three compounds with oxygen—one oxide and two acids. 
These compounds are thus constituted :-— 





Oxide (SeO). 


Selenious Acid (SeOg). 


Selenic Acid (SeOg). 


Selenium . 


. 83-33 


71-06 


62-07 


Oxygen 


, 16-67 


28-94 


37-93 



This body differs from sulphur in forming an oxide. 

Oxide of Selenium (SeO) is formed by heating selenium in a limited 
quantity of atmospheric air, and washing the product to separate a portion 
of acid which is at the same time formed. The oxide is sparingly soluble in 
water, but it does not redden litmus or combine with alkalies. It appears 
to be the source of the peculiar odor, emitted during the oxidation of 
selenium. 

Selenious Acid (SeOg).— This acid may be obtained in a solid state by 
digesting selenium in nitric or nitrohydrochloric acid until entirely dissolved, 
and then evaporating to dryness. Its taste is sour and hot : its odor, when 
sublimed, acrid, but not like that of the oxide. It is very soluble in warm 
water, and the solution furnishes crystals of the hydrated acid. The 
selenious acid and its salts are decomposed by sulphurous acid— -selenium 
being slowly separated in red flocculi (SeOs+2S03=«Se+2S03). 
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Selenic Acid (SeOg). — This acid is obtained by fusing selenium or 
selenious acid, or any of its salts, with nitrate of potassa or soda ; an 
alkaline seleniate is thus obtained. This may be dissolved in water and 
decomposed by nitrate of lead. The insoluble seleniate of lead thus 
obtained, is diffused through water, into which a current of sulphuretted 
hydrogen is passed to precipitate the lead ; the liquid is boiled, to expel 
any excess of sulphuretted hydrogen, and is now diluted selenic acid ; it 
may be concentrated by careful evaporation, but the acid cannot be entirely 
deprived of water without being decomposed. 

Selenic acid as thus procured, is a colorless liquid, which may be heated 
to about 536^ without change ; but it is partially decomposed at higher 
temperatures ; and at 554°, is rapidly resolved into selenious acid and 
oxygen (Se03=Se02+0). When concentrated, by exposure to a tempera- 
ture of about 329°, it acquires a specific gravity of 2*524; at 513°, it is 
2*6 : it may be rendered somewhat denser by exposing it to a higher tem- 
perature ; but in this case a portion of selenious acid is formed in it. It is 
unknown in an anhydrous state. The hydrated acid may be represented by 
H0,Se03. When boiled with hydrochloric acid, selenious acid and chlorine 
are produced, so that the selenio-hydrochloric acid dissolves gold like the 
nitro-hydrochloric (HO,Se03+HCl=HO,SeO,+HO + Cl). It dissolves 
zinc and iron with the evolution of hydrogen ; and copper, with the produc- 
tion of selenious acid. Sulphurous acid, which decomposes selenious acid, 
has no action on selenic acid ; so that to decompose selenic acid, it must 
first be boiled with hydrochloric acid, which converts it into selenious acid ; 
and sulphurous acid, or a sulphite, then effects the separation of selenium. 
The affinity of selenic acid for bases is little inferior to that of sulphuric acid. 

Seleniates: — The selenic and sulphuric acids are isomorphous, as are the 
seleniates and sulphates, as well as the chromates and manganates. The 
seleniates mostly withstand a red heat: they are more easily reduced at 
high temperatures by hydrogen, than the sulphates. Heated with sal- 
ammoniac, they are decomposed with the separation of selenium. The 
seleniates of baryta, strontia, and lead, are insoluble in water, and in dilute 
nitric acid. A seleniate boiled with hydrochloric acid dissolves gold. It is 
thus distinguished from a sulphate. When a sulphate is mixed with a 
seleniate, they may be separated by passing into the solution after boiling it 
with hydrochloric acid, a current of sulphurous acid gas. Selenium is 
thrown down in red floeculi, while the alkaline sulphate remains in the 
solution. 

Seleniuretted Hydrogen; Hydroselenic Acid (HSe). — This is a color- 
less gaseous compound which may be obtained by the action of hydrochloric 
acid upon selenide of potassium or of iron. It is readily dissolved by water, 
forming a solution at first colorless, but after a time acquiring a reddish hue ; 
the solution smells and tastes somewhat like that of sulphuretted hydrogen ; 
it reddens litmus, and tinges the skin of a reddish-brown color. Mtric acid 
dropped into it occasions no change, and the gas does not readily escape 
from the water ; but, when exposed to air, the solution is gradually 
reddened, and deposits selenium, the hydrogen combining with the oxygen 
of air. It occasions black or dark brown precipitates in all solutions of 
neutral metallic salts, with the exception of those of zinc, manganese, and 
cerium, which are flesh-colored. Heated with tin, one volume yields one 
volume of hydrogen and selenide of tin. It is decomposed by the joint 
action of air and water ; it is absorbed by moist substances, and soon com- 
municates to them a red color. The selenium is thus remarkably deposited 
throughout the texture of organic bodies. A piece of moist paper is 
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penetrated by the red color. It exerts a noxious action upon the trachea 
and organs of respiration ; it inflames the eyes, and painfully stimulates the 
nasal membrane, destroying for some hours the sense of smell. The gas is . 
inflammable. . By combustion it produces water, and in close vessels leaves 
a reddish-colored deposit of selenium. 

The specific gravity of seleniuretted hydrogen is 2 '195. It contains one 
volume of hydrogen and one-sixth of a volume of selenium condensed into 
one volume of the compound. Its equivalent or atomic weight is 41. The 
gas contains 91 '62 per cent, of selenium. Although considered to be a 
bydracid gas, it shares the peculiarity of hydrosulphuric acid. Its atomic 
volume is equal to the amount of hydrogen, and is not affected by the large 
amount of the metalloid which enters into combination with it. Two volumes 
of this ga^ contain two of hydrogen, but two volumes of hydrochloric acid 
contain only one of hydrogen. 



CHAPTER XVIII. 

PHOSPHORUS (P = 32). ITS COMPOUNDS WITH OXYGEN AND 

HYDROGEN. 

History. — Phosphorus, so termed from its property of shining in the dark, 
(from ^w^, lights and ^i^^iv to hear^) occurs in the three kingdoms of nature, 
but most abundantly as a component of the bones and urine of animals : it is 
generally present as phosphoric acid, combined with various bases. Although 
phosphorus is found in certain phosphates in the mineral kingdom, it is, like 
carbon and sulphur, a most important constituent of organic matter. It 
exists in albumen, fibrin, and gelatine, in the brain, blood, milk, and other 
secretions. It is found in combination with oxygen, united to lime and 
magnesia, in the seeds and husks of the cerealia, and in numerous esculent 
roots. There is no substafice which yields it so abundantly as bone. The 
subphosphate of lime forms about eighty per cent, of calcined bone, and 
from this source it is now exclusively obtained. 

Phosphorus was discovered in 1669, by Brandt, a merchant of Hamburg, 
in the solid residue of urine, but no practical use was made of the discovery 
until a century later, when a process for preparing this substance from bone, 
was first made public by Scheele and Gahn. 

Preparation. — On twenty parts of calcined bone, ground to a fine powder, 
pour forty of water (by weight) and eight parts of sulphuric acid, previously 
diluted with an equal weight of water. These materials are well stirred 
together by means of a revolving wooden stirrer, for about six hours, steam 
being let into the mixture to promote the chemical changes. The whole is 
then put into a conical bag of linen to separate the clear liquor, and the 
residuum is washed and pressed until the water ceases to taste acid. Eva- 
porate the strained liquor, and when reduced to about half its bulk, let it 
cool. A white sediment will form, which must be allowed to subside; the 
clear solution (superphosphate of lime) must be decanted and boiled to dry- 
ness in a glass vessel. A white mass will remain, which may be fused in a 
platinum crucible, and poured out into a clean copper dish. A transparent 
substance is thus obtained, consisting of phosphoric acid, with phosphate, 
and a little sulphate of lime, commonly known under the name of glass of 
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phosphorus. It yields phosphorus when distilled at a white heat with one- 
fourth of its weight of charcoal. The retort, which is made of the most 
refractory fire-clay, should be well and carefully luted, and should have a 
wide neck terminating in a copper tube, so bent as to dip perpendicularly 
into a bottle of hot water, otherwise it is apt to become plugged up by con- 
gealed phosphorus. When cold, it is cut into small pieces, which are put, 
with water, into a slightly conical glass tube, and fused by immersion in hot 
water : on cooling, the phosphorus is withdrawn in the shape of a stick. 

The changes which take place in the various stages of this process, may 
be thus described. The subphosphate of lime in bone is 3(CaO),P05. Sul- 
phuric acid transforms this salt into acid phosphate (superphosphate) and 
sulphate of lime, 3(CaO)P05-f 2S03=CaO,2(HO)P05+ 2(CaO,S()3). The 
acid phosphate when heated with charcoal is converted into pyrophosphate 
(which is not decomposed by carbon) carbonic oxide and phosphorus, a 
portion of the phosphoric acid being set free and deoxidized by the charcoal 
at a white heat, 2(CaO,P05) + C5=5CO + 2(CaO)P05+P. Phosphuretted 
hydrogen also escapes during the process as a result of the reaction of the 
vapor of phosphorus on water. 

The phosphorus obtained by the first distillation is commonly of a dirty 
red or brown color, owing to the presence of impurities. It is melted in a 
solution of ammonia, and is bleached by heating it in a mixture of bichro- 
mate of potassa and sulphuric acid. After this it is again melted, and while 
liquid is strained through chamois-leather. The mechanical impurities are 
thus separated, and it is recast into sticks in the manner above described. 
This substance is now manufactured in tons, chiefly for the purpose of 
making lucifer matches. According to Mr. Grore, about six tons are annu- 
ally consumed in Great Britain in the match manufacture— and one pound will 
suffice for 600,000 matches. This manufacture is, however, conducted on a 
larger scale abroad. There are two manufactories on the continent, which 
consume twenty tons of phosphorus annually. 

P roper ties. '—'Wh^xi pure, solid phosphorus is tasteless, but when in solu- 
tion, it has a sharp nauseous taste : it is colorless, or of a pale yellow color, 
translucent, sectile, and flexible at common temperatures, but at 32^ vitreous 
and brittle. Exposed to air, it exhales luminous fumes, having a peculiar 
odor, distantly resembling that of garlic, and ofone is produced {see page 
101). Its specific gravity is 1*826 at 50° Its specific heat is 0-1881 
(Regnault). It is a non-conductor of electricity, both in its solid and fluid 
state. Phosphorus is insoluble in water, but it is dissolved sparingly by 
absolute alcohol, ether, the oils, naphtha, benzole (and other liquid hydro- 
carbons), but most abundantly by sulphide of carbon. The chlorides of 
sulphur and of phosphorus also dissolve it. When water is added to the 
alcoholic solution, phosphorus is separated as a milk-white substance, 
probably in the state of hydrate. If the alcoholic solution be poured on hot 
water in the dark, there is an evolution of light arising from the slow 
combustion of phosphorus. The solution in ether presents similar phenomena. 
If this be rubbed over the skin or any warm surface, in the dark, the lumi- 
nosity of phosphorus is seen in a pale, bluish-colored, lambent flame, which 
produces no sense of warmth. The ethereal solution is decomposed by 
exposure to light, and red oxide of phosphorus or red phosphorus is 
deposited. The saturated solution in sulphide of carbon, if allowed to 
evaporate spontaneously on paper, leaves a finely divided residue of phos- 
phorus, which, when dry, instantly takes fire, and burns in air with a brilliant 
white light peculiar to this body. Although phosphorus is not soluble in 
water, it is slowly oxidized in this liquid, which is soon found to acquire an 
acid reaction, and to have the mixed properties of phosphorous and phos- 



PHOSPHORUS. CHEMICAL PROPERTIES. 219 

phoric acids. As no hydrogen escapes, it is probable that the air diffused 
through the water, furnishes oxygen. Under exposure to light, phosphorus 
acquires a reddish color. This was supposed to be caused by oxidation, but 
as it takes place in vacuo it is probably owing to a molecular change in 
phosphorus itself, a superficial layer of the metalloid being changed into 
amorphous phosphorus. The white layer which forms on the surface, when 
phosphorus is kept in the dark, has been also ascribed to molecular changes. 
The phosphorus in which this change has taken place is very fusible and 
inflammable. 

Phosphorus cannot be readily crystallized by fusion ; it passes too slowly 
from the liquid to the solid state, but it may be crystallized by solution. By 
slowly cooling some of its hot saturated solutions, phosphorus has been pro- 
cured in crystals, having the form of rhombic dodecahedra. Crystals of this 
substance have also been obtained, by melting under water two parts of 
phosphorus to one of sulphur: a portion of the phosphorus is deposited in 
regular crystals on cooling. {See Sulphide of Phosphorus.) When air is 
excluded, phosphorus melts at about 110^, undergoing an increase of volume. 
If suddenly cooled to 32^, after having been heated to 140^, it sometimes 
becomes black (Thenard) ; but if slowly cooled, it remains colorless. When 
fused and left undisturbed, it may remain liquid for hours at the usual tem- 
perature, particularly when covered by an alkaline liquid. At from 550° to 
57 0° in close vessels, it boils and evaporates in the form of a colorless vapor, 
the density of which, according to Dumas, is 4*355 ; 4*326 (Regnault) ; 
100 c. i. weigh 136*96 grains. But phosphorus evaporates, especially if in 
contact with moisture, at a much lower temperature. The volatility of 
phosphorus in conjunction with aqueous vapor, may be shown by boiling a 
flask of water containing a piece of phosphorus, over a lamp ; the vapor, as 
it issues from the flask, is luminous in a dark room. Owing to its great 
inflammability, it should always be preserved in water, in a dark place, and, 
when required, cut under water. 

Phosphorus is a formidable poison ; a few grains of this substance are 
sufficient to destroy life. Even the vapors when breathed (as in lucifer- 
match making) produce caries and necrosis of the jaws, with wasting disease. 

There are some peculiar circumstances connected with the luminosity and 
inflammability of phosphorus. When exposed to humid air at temperatures 
above the freezing-point, it shines in the dark with a pale blue light, which 
increases in intensity with the temperature. This arises from slow combus- 
tion, attended by the production of phosphorous acid (POg) and ozone. If 
a streak is drawn on litmus-paper with a stick of dry phosphorus, the paper 
is slowly reddened. The luminosity ceases in close vessels as soon as the 
oxygen has been absorbed, and it dodi not take place when the air has been 
artificially dried : in this case the formation of phosphorous acid seems to be 
prevented. In pure oxygen, phosphorus is not luminous until heated to 
between 'TO^and 80°,above which temperature it becomes strongly luminous, 
and soon inflames. Gases, in which phosphorus has been immersed, acquire 
its odor, and when mixed with air, they become slightly luminous. If a 
piece of phosphorus be introduced into a vessel of pure and dry oxygen gas 
over mercury, at a temperature not exceeding 80^, no perceptible absorption 
will happen in twenty-four hours ; but if, the temperature remaining the 
same, the pressure be diminished to one-eighth or one-tenth of that of the 
atmosphere, the phosphorus will be surrounded with white vapors, will 
become luminous in the dark, and will absorb oxygen. Graham has shown 
that the slow combustion of phosphorus in air is prevented by small addi- 
tions of certain gases and vapors. Thus at the temperature of 66°, and 
even above this, oxidation is entirely prevented by the presence of small 
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quantities of sulphurous acid, sulphuretted hydrogen, and of olefiant gas, as 
well as by the vapors of sulphide of carbon, ether, creasote, naphtha, and oil 
of turpentine. This is probably owing to the oxidation of these vapors, 
since it has been noticed that when two oxidable bodies are in contact, one 
of them often takes precedence in combining with oxygen, to the entire 
exclusion of the other. Potassium is defended from oxidation in air by the 
same vapors, though to a less degree. When these oxidable vapors are 
absent, there is no better test of the presence of free oxygen, than that 
furnished by the luminosity of phosphorus in the dark. 

When a piece of dry phosphorus is sprinkled with lamp-black, or pow- 
dered animal charcoal, it is apt to inflame ; and, what is curious, when very 
thin slices of dry phosphorus are placed upon dry wood, flannel, wool, lint, 
fine feathers, or other non-conducting substances, they speedily fuse and 
readily inflame upon the gentlest friction. It seems as if the slow com- 
bustion of the phosphorus, produced heat enough to fuse it "whilst lying upon 
a very bad conductor. If several pieces of phosphorus be placed upon or 
near to each other, they are also apt to inflame. 

The actual temperature at which phosphorus inflames has been variously 
stated ; but it is generally a little above its melting point. We have noticed 
that phosphorus coated with a white layer, has melted below tO^, and burst 
into flame on being touched. Phosphorus easily takes fire by the heat of 
the hand and by slight friction, as when rubbed upon a piece of coarse paper : 
it requires, therefore, to be handled with the utmost caution. Owing to the 
superficial formation of phosphorous and phosphoric acids, when it burns 
imperfectly at low temperatures, its further combustion is often prevented : 
thus, in rubbing a fragment of phosphorus between two pieces of brown 
paper, a momentary combustion ensues, and it often requires considerable 
friction to cause it again to inflame. For the same reason it is difficult to 
light a piece of paper by the flame of phosphorus, the paper becoming 
covered and protected by the acid produced. So also a small piece of 
phosphorus may be fused by the gradual application of heat, but it will not 
inflame until the surface is disturbed by touching it with a wire. A frag- 
ment gently heated on writing-paper, may be melted and consumed without 
igniting the paper. Paper or linen soaked in phosphate of ammonia, is, 
for a similar reason, rendered uninflammable by the application of heat ; 
ammonia is volatilized, and the phosphoric acid liberated, glazes over and 
protects the material from combustion. 

When in brilliant combustion in the air, phosphorus evolves copious fumes 
of phosphoric acid (PO5) : its flame is intensely luminous, and nearly white. 
If phosphorus be heated in a confined portion of air, it enters into less per- 
fect combustion, and an oxide, a red Solid, less fusible than phosphorus, is 
produced. The different products of the combustion of phosphorus are 
well shown by heating a fragment of it placed near the centre of a thin glass 
tube of about a fourth of an inch diameter, and three or four feet long, and 
then gently driving a current of air through the tube ; the fixed and volatile 
acids, and the red oxide, are in this way distinctly separated. 

The vapor of phosphorus explodes with oxygen, and burns violently where 
it meets with air. It may be safely produced and burnt at the mouth of a 
test-tube, by heating a piece of phosphorus in a small quantity of ether. 
The tube becomes filled with ether-vapor, and the phosphorus-vapor burns 
only as it issues from the mouth of the tube. Gases in which oxygen is in 
a combined state, do not readily part with it to phosphorus, even at the 
temperature of combustion. Thus burning phosphorus is extinguished in 
pure carbonic acid. It may be melted in deutoxide of nitrogen by a heated 
wire without being inflamed ; but when introduced into this gas in a boiling 



ALLOTROPIC OR AMORPHOUS PHOSPHORUS. 221 

state, it decomposes it, and unites to the oxygen, producing a vivid com- 
bustion. It takes fire spontaneously in chlorine, burning with a pale flame ; 
and on contact with iodine, the heat of combination is such as to kindle the 
phosphorus immediately. 

Its great affinity for oxygen is manifested not only by its luminosity in air 
at a low temperature, but by its decomposition of the oxides of certain 
metallic salts. Small portions of fresh-cut phosphorus suspended in weak 
solutions of sulphate of copper, nitrate of silver, chloride of gold, and chlo- 
ride of platinum, are speedily coated with layers of the respective metals, 
sometimes deposited in a beautifully crystalline state. Phosphorus here acts 
as a powerful deoxidizer, and is converted into phosphoric acid (P + 5(AgO, 
]ST03)=5Ag-f PO5-I-5NO5, and 5 (CuO, S03) + R==6Cu + P05+5S03). If 
some thin slices of phosphorus be placed on a very diluted solution of chlo- 
ride of gold (a grain of chloride to 4000 of water), and covered over, they 
will soon be surrounded by thin transparent films of reduced gold, which 
may be raised from the fluid by clean and dry plates of glass. There is no 
instance in which metallic gold is brought to a finer state of tenuity than in 
this experiment. Advantage is taken of this property in the electrotype 
art, for coating vegetable and animal substances, insects, seeds, &c., with a 
layer of metal, and thus making them conductors. The substance is brushed 
over with a small quantity of a weak solution of any salt of gold, silver, or 
platinum, and it is then exposed to the vapor of a solution of phosphorus in 
alcohol or ether. A thin film of metal is deposited, and this serves as a 
conducting surface for a further deposit by the battery. An alcoholic solu- 
tion of phosphorus throws down the metals from solutions of gold and silver. 
Phosphorus decomposes solid nitrate of silver and chlorate of potassa with 
a violent explosion, when a mixture of the two substances is suddenly struck 
with a hammer. 

Equivalent. — The atomic weight of phosphorus is in round numbers 32. 
As the specific gravity of its vapor, compared with hydrogen is 63-^1, it 
follows that its atomic volume must be 0-5, or half a volume, so that each 
volume of vapor, like that of oxygen, will necessarily contain two atoms. 
{See p. 66.) It is diatomic. The hypothesis of Gerhardt, that the atomic 
weights of elements in the gaseous or vaporous condition, correspond to 
single volumes of their vapors, is therefore wholly inconsistent with the facts 
which are known regarding the vapor of phosphorus. Deville did not find 
that a heat of 1900° in any way affected the relative volumes or the specific 
gravities of phosphorus and oxygen. 

Tests.— '^\iQ smallest fragment of phosphorus, even when mixed with other 
substances, may be sometimes identified by its garlic odor, and in all cases by 
its luminosity in the dark. If the substance suspected to contain phospho- 
rus, is dried and heated in the dark, in a thin layer spread on a metallic 
plate, the minutest fragments of phosphorus will appear luminous, or will 
burn with a puff of white vapor. The contents of the stomach and intes- 
tines of persons poisoned by phosphorus have been, in some instances, quite 
luminous in the dark. If the test of luminosity should fail under these cir- 
cumstances, the dried substance should be digested in its volume of sulphide 
of carbon for twenty-four hours. The liquid strained off should be poured 
into a watch-glass, floating on a surface of hot water in the dark, when, if 
phosphorus be present, there will be a luminosity, as the sulphide evaporates. 

Allotropic, or Amorphous Phosphorus.— 1\> has been already remarked that 
phosphorus, when suddenly cooled from a state of fusion, undergoes certain 
changes in its physical properties. As a result of exposure to heat or light, 
it acquires a red color, and this red substance, which is allotropic or amor- 
phous phosphorus, is possessed of peculiar properties, which have been fully 
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described by Schrbtter and others. (Aim. Oh. et Ph. Seme Ser., 24, p. 
406.) Schrotter made the discovery of this variety of phosphorus in 1848. 
He obtained it by distilling phosphorus in an atmosphere of nitrogen or 
carbonic acid, at a temperature between 460*^ and 480°. In this case, a part 
of the phosphorus assumes the amorphous or red condition, while the un- 
changed portion acquires the property, after repeated distillations, of re- 
maining for a long time liquid, and even sustaining considerable agitation 
without congealing. To separate the common, from the amorphous kind, 
sulphide of carbon is employed. This dissolves common phosphorus only, 
and leaves the allotropic variety, after having been well purified by washing 
with the sulphide, in the form of a red or brownish-red powder. For com- 
mercial purposes, allotropic phosphorus is made by heating phosphorus 
under water, in an air-tight cast-iron boiler to a temperature of 450°. A 
quantity of about 200 pounds of ordinary phosphorus is thus kept heated, 
for three or four weeks. When the vessel is opened, the phosphorus pre- 
sents itself as a hard, red, brick-like-looking substance, as brittle as glass. 
It is broken into small pieces under water, and ground between mill-stones 
in a vessel supplied with a small stream of water, which washes the finer 
particles into a tank, in which they subside. Any unchanged phosphorus is 
then removed by sulphide of carbon. (Gore.) For the purpose of experi- 
ment, this change may be shown by heating a small portion of phosphorus 
to a proper temperature, in a tube filled with dry carbonic acid gas. The 
change of color produced by heat, and the volatility of phosphorus at a still 
higher temperature, may thus be proved. One end of the tube should be 
sealed, and the other end should be plunged into mercury or water. 

Proper^ze5.-»-The color of amorphous phosphorus varies, according to the 
temperature to which it has been exposed, from nearly black (with a metallic 
lustre) to iron-gray, brick-red, crimson, and scarlet. It has no odor. Its 
specific gravity at 50° is 1'964 to 2-14. When dry, it undergoes no change 
in air : when moist it is slowly oxidized, but it is not luminous in the dark, 
and it produces no ozone. It does not remove oxygen from air, and will 
not combine with this gas to produce the phenomena of combustion under a 
temperature of 500° ; but it requires to be heated to 5Y0° for its entire com- 
bustion. In vessels filled with carbonic acid or nitrogen, it may be distilled over 
as ordinary phosphorus at this temperature. Chlorine acts upon it, producing 
heat, but no evolution of light. Chloride of phosphorus is formed. Iodine has 
no action upon it ; and although it is only phosphorus in an altered mole- 
cular condition, it has no poisonous properties. In addition to the eharac» 
ters above described, allotropic phosphorus is quite opaque, hard, and brittle, 
and without crystalline structure. It is insoluble in sulphide of carbon, 
ether, and all the liquids which dissolve common phosphorus. It is slightly 
dissolved by a solution of chlorine. Although it is considered to be less 
energetic in its affinities than common phosphorus, yet when mixed in equal 
parts with chlorate of potassa, it explodes with tremendous violence, and with 
the slightest friction. 

From this description it will be perceived that although the two varieties 
are easily convertible into each other, they differ as much in properties as 
any two metalloids, or metals. The amorphous phosphorus has not yet been 
successfully employed for the manufacture of lucifer-matches. 

Phosphorus and Oxygen.— Phosphorus combines with oxygen to form 
four different compounds :"— 

Oxide of phosphorus . . . PgO Phosphorous acid . . . PO3 
Hypophosphorous acid . . P Phosphoric acid . . . POg 

Oxide of Phosphorus (P^O).— When phosphorus is burnt in air, there 
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is generally a red residue, whicli consists in great part of this oxide. If a 
large quantity of phosphorus is burned in a confined volume of air, the 
oxide is abundantly produced. It may be prepared in quantity, by melting 
phosphorus in a conical glass under hot water, and then passing upon it in 
the melted state, a current of oxygen. The phosphorus burns under water, 
producing phosphoric acid, which is dissolved, and the red oxide, which is 
diffused as an insoluble red powder through the liquid (SP-f BO—POg-fPsO). 
When it has subsided, and the vessel is cool, the water is poured off, and 
the red compound is digested in sulphide of carbon. This removes any 
uncombined phosphorus, and leaves the oxide. The oxide is an insoluble 
red solid, not inflammable in air unless mixed with phosphorus, when, if 
dry, it will take fire spontaneously. It burns on contact with nitric acid, 
and explodes when mixed with powdered chlorate of potassa. It is unchanged 
by dry air or oxygen ; but in damp air, it is slowly oxidized. It is not 
luminous in the dark; it is not very inflammable when heated in air; but 
at a red heat, it is converted into phosphoric acid' and phosphorus (5P30= 
POg+Pg). Like allotropic phosphorus, it is insoluble in sulphide of carbon, 
and in all liquids which dissolve phosphorus. It is neutral, and enters into 
no combinations. 

Hypophosphorous Acid (P0,2H0, or 3H0) is prepared as follows :— • 
Upon one part of phosphide of barium pour four parts of water, and when 
the evolution of phosphuretted hydrogen gas has ceased, pour the whole 
upon a filter. To the filtered liquid add sulphuric acid, as long as any 
precipitate falls : separate the precipitate, which is sulphate of baryta, and 
the clear liquor now contains hypophosphorous acid in solution. When 
concentrated by evaporation, a sour viscid liquid is obtained, incapable of 
crystallization, and eagerly attractive of oxygen. The concentrated acid is 
of the consistency of syrup ; it has not been obtained free from water, with 
two, or, according to some, with three equivalents of which, it is always 
combined. 

In place of the phosphide of barium, bisulphide of barium and phosphorus 
may be employed. When these are boiled in water, sulphuretted hydrogen 
escapes, and a hypophosphite of baryta is formed (BaS2 + P + 2HO==2HS + 
BaO,PO). When potassa, soda, or lime is boiled with phosphorus in water, 
phosphuretted hydrogen escapes, and a hypophosphite of the alkali is 
formed and dissolved. The salt may be obtained on careful evaporation, 
although there is a liability to explosion if it is carried to dryness. 

When hydrated hypophosphorous acid is heated, it is decomposed with 
the evolution of phosphuretted hydrogen, and the production of phosphoric 
acid: 2PO + 3HO=PH3-fP05. It is a powerful deoxidizing agent. It 
reduces the salts of gold, silver, mercury, and copper, to the metallic state 
(PO + 4AgO=Ag4-fP05). When boiled with sulphuric acid, it decom- 
poses it; sulphurous acid , is evolved, and sulphur is deposited. An acid 
solution of permanganate of potassa is deoxidized in the cold, and the 
color is discharged by this acid. In combination with bases it forms hypo- 
phosphites ; they are soluble in water, and many of them in alcohol ; they 
are decomposed by a red heat ; they are mostly deliquescent, and uncrystal- 
lizable, but some are inflammable and even explosive when heated. 

Phosphorous Acid (POg).—- The volatile white substance which has been 
mentioned as one of the products of the combustion of phosphorus in 
rarefied air, consists chiefly of this acid in a dry state. By burning phos- 
phorus in a tube with a limited access of dry air, and caution as to tem- 
perature—as, for instance, by placing a piece of phosphorus near one end 
of a tube two or three feet long, drawn out at the ends, inflaming it, and 
gently propelling dry air through the tube — this acid may be collected in 
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the form of a white volatile powder. It has the odor of garlic, and when 
exposed to air, rapidly absorbs moisture as well as oxygen, and is converted 
into phosphoric acid. The solid acid may be volatilized by heat in car- 
bonic acid or nitrogen, but when moderately heated in air, it takes fire and 
burns, producing phosphoric acid (5P03=3P05-f Pg). The slow combus- 
tion of phosphorus in air at a low temperature is attended with the pro- 
duction of this acid (PO3). If sticks of phosphorus be placed in glass tubes, 
open at both ends, and arranged round a glass funnel inserted in the neck 
of a bottle, the phosphorus will slowly disappear, as if by deliquescence, 
and the liquid collected in a bottle will be chiefly a solution of this acid, 
mixed with some phosphoric acid. It was formerly coMed phospJiatic acid. 
When the hydrated acid is heated, or when its solution is evaporated to 
dryness, phosphuretted hydrogen is evolved, and it is converted into phos- 
phoric acid (4P03-f3HO=PH3 + 3P05). If may be obtained by evapora- 
tion in vacuo, as a crystalline hydrate (POgSHO). The solution in water is 
not corrosive, but powerfully acid. When heated with zinc or iron, phos- 
phuretted hydrogen is evolved, and phosphates of the metals are formed. 
The solution absorbs oxygen when exposed to air, and phosphoric acid is 
produced. It is a powerful deoxidizing agent. It reduces at a boiling 
temperature the oxide of mercury, permanganate of potassa, and the salts of 
gold and silver. In reference to the salts of silver the following changes 
take place: P03 + 2AgO,N05=2Ag+P03+N05. It deoxidizes sulphuric 
acid, converting it to sulphurous acid, and this again is decomposed and 
sulphur is deposited. It also deoxidizes nitric and arsenic acids, converting 
the latter into arsenious acid. In these reactions it is changed into phos- 
phoric acid. The solution of this acid does not precipitate albumen. 
Chlorine converts it into phosphoric acid (P03+2Cl-f 2H0=P05 + 2HC1). 
Phosphites. — The phosphites contain, according to Graham, three atoms 
of base to one of acid, the hydrated acid being the tribasic phosphite of 
water. Others regard the acid as dibasic — one atom of water being retained 
in its combination with two atoms of a metallic oxide. The affinity of the 
phosphorous acid for bases is but feeble. All the phosphites include water, 
and when sufficiently heated, are resolved into hydrogen and phosphates, 
often with combustion. At common temperatures they do not absorb 
oxygen from the air, but they are easily convertible into phosphates by 
nitric acid, chlorine, and other oxidizers. They have the characters assigned 
to phosphorous acid. 

Phosphoric Acid (PO5). — Anhydrous phosphoric acid can only be ob- 
tained by the direct combustion of phosphorus in an excess of dry oxygen ; 
intense heat and light are evolved, and white deliquescent flocculi line the 
interior of the receiver. The acid may be produced by burning phosphorus 
under a tall receiver in atmospheric air, the air having been previously well 
dried by placing under the receiver a saucer containing sulphuric acid. The 
receiver should be placed in a glass dish, and should rest upon some thick 
pieces of plate-glass. A piece of phosphorus in a platinum or porcelain cap- 
sule, may be ignited and covered over with the receiver. The phosphorus 
burns at first furiously, but the combustion gradually subsides for want of 
oxygen, and may be renewed by gently lifting the receiver off the glass 
plates: thus the whole of the phosphorus may be gradually consumed, and it 
forms a quantity of dense vapor, which subsides in the form of white flakes 
like snow, some portions adhering to the sides of the glass. A convenient 
apparatus has been constructed for burning phosphorus in oxygen, so as to 
produce this acid in large quantity. The solid phosphoric acid obtained by 
this process, should be transferred as quickly as possible into a dry stopper- 
bottle, in which it may be pressed down : and the portions of acid which 



HYDRATES OF PHOSPHORIC ACID. 225 

remain adhering to the receiver and dish, may be washed out, and they will 
yield a solution of the acid. 

In the anhydrous state, phosphoric acid is an extremely deliquescent un- 
crystalline white powder, fusible into a vitreous substance, and volatile at a 
full red heat. It is inodorous, not acid in the dry state, and not corrosive. 
A small quantity of water poured upon the solid acid, dissolves it with a 
hissing noise, and great heat is evolved. A solution of the protohydrate of 
phosphoric acid is thus obtained. The liquid is sour to the taste, and 
powerfully acid in reaction. Anhydrous phosphoric acid is occasionally em- 
ployed in chemistry for the purpose of dehydrating liquids by distillation. 
At high temperatures it is decomposed by charcoal, and by several of the 
metals. It combines with hydrate of lime to form a hard cement, which has 
been used for stopping teeth. The acid consists of: — 

Atoms. Equiv. Per cent. 

Phosphorus 1 ... 32 ... 44*4 

Oxygen 5 ... 40 ... 55-6 

Phosphoric acid 1 72 100-0 

Mr. Graham has shown that phosphoric acid occurs in three peculiar or 
isomeric conditions, which may be designated, 1. Metaphosphoric acid, or 
a phosphoric acid; aYO^\ 2. Pyrophosphoric acid, or h phosphoric acid; 
&PO5: 3. Common phosphoric acid, or c phosphoric acid; cPO^. The first 
combines with one, the second with iwo^ and the third with three atoms of 
water or base. The acid is regarded, by Graham, as the same in all these 
modifications, which are supposed to depend upon the proportion of water 
or base with which it is in union: so that (2PO5 may become ^PO^ by the ac- 
quisition of a second atom of water or of base, and cPO^ by a third ; and 
inversely cPO^by losing an atom of base or of water, becomes ^PO,-, and this 
by the further abstraction of base or basic water, passes into aPO^, and 
aPOg losing its single equivalent of water or base reverts to PO5. In ac- 
cordance with this view, phosphoric acid intimately combined with one atom 
of water, only allows of the replacement, by substitution, of that atom of 
water by one atom of base : but if the original acid be similarly united with 
two or three atoms of water, these are then replaced by two or three atoms 
of base. 

PO5HO. Protohydrate or Monohasic Phosphoric Acid; Metaphos'phoric 
Acid. — Aqueous solutions of any of the modifications of phosphoric acid, 
when evaporated and heated until they cease to lose water, yield the proto- 
hydrate, in the form of what has been termed glacial phosphoric acid. In 
this state it contains 11*2 per cent, of water. When phosphate of ammonia 
is heated to expel the alkaline base, this acid remains as a glassy-looking* 
residue. The white anhydrous phosphoric acid procured by burning phos- 
phorus in dry air or oxygen, when dissolved in water forms a solution of the 
protohydrate. It is characterized by producing a white precipitate in a 
solution of albumen; and in solutions of baryta, lime, and oxide of silver, it 
gives peculiar white precipitates like soft solids, without crystallization. 
These compounds contain one atom of base to one of acid. 

P05,2B[0. Bihydrate or Bihasic Phosphoric Acid. Pyrophosphoric 
Acid. — When a solution of pyrophosphate of soda (obtained by heating the 
phosphate to full redness) is precipitated by acetate of lead, and the insoluble 
salt of lead is washed and decomposed by sulphuretted hydrogen, an acid 
liquid is obtained, which must be left in a shallow basin until the sulphuretted 
hydrogen has escaped ; it is then an aqueous solution of pyrophosphoric 
acid. It yields the pyrophosphate, when neutralized by carbonate of soda ; 
gives a white precipitate with nitrate of silver ; and forms salts, all of which 
15 
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have two atoms of base. The acid, before neutralization, does not pre- 
cipitate solutions of nitrate of silver or of baryta, and it does not precipitate 
albumen. A diluted solution of this bihydrate of phosphoric acid, may be 
preserved without change ; but when it is boiled for some time, it passes 
into the terhydrate. Graham and Peligot obtained this acid, not however 
quite free from terhydrate, by evaporating the solution of the terhydrate in 
a platinum flask, until its temperature attained 416^. It appeared as a soft 
glass. Peligot obtained it in opaque imperfect crystals resembling grape 
sugar. 

POgjSHO. Terhydrate or Trihasic Phosphoric Acid. Common Phosphoric 
Acid. — The common phosphate of soda yields this acid, when a solution of 
the salt is precipitated by acetate of lead, and the phosphate of lead is 
decomposed by sulphuretted hydrogen ; but it is generally procured by 
oxidizing phosphorus with nitric acid. The acid must be diluted with 
three parts of water in order to prevent too violent an action. Portions of 
phosphorus are introduced into a Florence flask and covered with the acid 
and water. The mixture is heated carefully, and as soon as red fumes 
appear, the heat is reduced, and the action is allowed to proceed (SP-f^ 
]^0^=3P05+5N02). When the acid is saturated, the liquid is evaporated^ 
and the surplus nitric acid is expelled. It is finally concentrated to a 
syrupy state in a platinum dish. When dissolved in water, it forms the 
ordinary solution of phosphoric acid. A solution of the terhydrate may be 
prepared by boiling the monohydrate in diluted nitric acid. The conversion 
is rapid in a diluted solution and no bihydrate appears to be formed. The 
nitric acid in this case appears to act by catalysis (page 54). 

In solution, it is very acid, but not corrosive, so that when heated on 
paper, the paper is not carbonized. It gives no precipitate with a solution 
of albumen or nitrate of baryta, or with a solution of nitrate of silver ; but 
when united with a base, it gives with the latter salt, a yellow precipitate. 
It precipitates a solution of pure lime, but readily dissolves the precipitate^ 
if the acid is added in excess. When heated to 400^ it loses water, and 
becomes a mixture of proto and bihydrate ; but it cannot be made anhydrous 
by heat, as it is volatilized in the state of protohydrate below a red heat. 
If kept below this temperature, it is entirely converted into protohydrate. 
Conversely, the proto and bihydrate, when kept for some time in solution in 
water, take one and two equivalents of water, and are ultimately converted 
into the terhydrate. This change is rapid when the aqueous solutions are 
weak and submitted to a boiling temperature, or when a little nitric acid is 
added. The acid liquid will no longer precipitate albumen, and when 
neutralized by an alkali, it will give a yellow precipitate with nitrate of 
silver. In general, water in combining with anhydrous acids in more than 
one equivalent, does not alter the properties of the acid. Thus there are 
three hydrates of sulphuric acid, but all have similar properties. In refer- 
ence to phosphoric acid, the protohydrate, in its reactions on albumen and 
on a solution of nitrate of silver, is wholly different from the terhydrate ; 
and the bihydrate differs from both. 

The only impurity likely to be found in this acid, when made according to 
the method above described, is nitric acid. This may be detected by the 
usual tests (page 164). If any phosphorous acid is present, it may be 
detected by warming a portion with a solution of sulphurous acid. In this 
case, there will be a precipitation of sulphur ; and if arsenic is present, it will 
be under similar circumstances thrown down as yellow sulphide of arsenic. 

The constitution of the three hydrates of phosphoric acid may be thus 
represented : — 
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Monobasic. 




Bibasic. 

k 






Tribasic. 


Atoms. 

Phosphoric acid 1 
Water . . 1 


Weights. 

72 
9 

81 


Percent. 
88.8 
11.2 

100-0 


Atoms. 
1 

2 
1 


Weights. 

72 
18 

90 


Percent. 

80 
20 

100 


Atoms. 
1 

3 
1 


Weights. Percent. 

72 72-72 
27 27-28 


1 


99 100-00 



Phosphoric acid has less affinity for bases than the sulphuric, at ordinary 
temperatures, but as it is more fixed, it will expel the sulphuric acid from 
the sulphates at a high temperature. 

Phosphates. -^'Eeioh of the above hydrates of phosphoric acid forms a 
distinct class of salts, namely, metaphosphates, which are monobasic ; 
pyrophosphates J which are bibasic ; and common phosphates, which are 
tribasic ; so that the proportion of fixed base with which the acid unites in 
the humid way, is dependent upon the proportion of water which the 
fixed base replaces. Thus, the metaphosphoric acid, or protohydrate, will 
only combine with one, and the pyrophosphoric or deutohydrate with two 
equivalents of soda ; and if in either case a larger quantity of base be added, 
it remains uncombined ; so also in reg'ard to the terhydrate ; if to one equiva- 
lent of it in solution, one equivalent of soda is added, one equivalent only 
of its water is displaced and two are retained; 3(HO)P05-i-NaO=NaO, 
2(HO)P05 + HO. On the addition of a second equivalent of soda, a second 
atom of basic water is displaced, the salt therefore still remaining charac- 
teristically tribasic ; for in this case, E'aO,2(HO)P05-f]N"aO, becomes 
2(NaO)HO,P05+HO ; and lastly, the addition of a third equivalent of 
soda displaces the remaining atom of water, and we have an anhydrous 
tribasic phosphate of soda: 2(NaO)HO,P05+jSraO=3(NaO)P05H-HO. 
So also in regard to the insoluble phosphates formed by precipitation : the 
monobasic, or metaphosphate of soda, decomposes one equivalent of nitrate 
of silver, and a white monobasic phosphate of silver is thrown down .- 
NaO,P05+AgO,N05=AgO,P05+NaO,N03. On the other hand, the 
bibasic salt, or pyrophosphate of soda, decomposes two equivalents of 
nitrate of silver to form a white bibasic phosphate of silver : 2 (NaO)P05 
+ 2[AgO,N03]=:2(AgO)P05+2[NaO,NOJ. And, lastly, one equivalent 
of the tribasic phosphate of soda decomposes three equivalents of nitrate of 
silver, forming one equivalent of the yellow or common phosphate of silver, 
and three of nitrate of soda. 3(NaO)P05+3[AgO,N03]=3(AgO)P05+ 
3[Na0,N0J. ^ _ . 

The phosphates which are soluble are easily recognized by the addition of 
nitrate of silver. A yellow precipitate is thrown down. When acetate of 
lead is added to the solution, a white precipitate of phosphate of lead is 
formed, and this is not soluble in an excess of the phosphate. For neutral 
solutions the following plan may be adopted : Precipitate a solution of sul- 
phate of magnesia, and add sufficient chloride of ammonium to redissolve 
the magnesian precipitate. This liquid added to the solution of a phos- 
phate, even when much diluted, produces a white crystalline precipitate of 
phosphate of ammonia and magnesia, insoluble in ammonia and chloride 
of ammonium, but soluble in nitric and acetic acids. This precipitate 
when collected, dried, and calcined, is thus constituted : 2(MgO)P05. In 
the absence of arsenic acid, it serves for the detection and estimation of 
phosphoric acid. In an acid solution of a phosphate the perchloride of iron 
is a useful reagent, not merely for the detection, but for the separation of phos- 
phoric acid. Add to the diluted solution of a phosphate, acetate of soda and 
a few drops of a solution of perchloride of iron — a pale reddish-brown pre- 
cipitate of phosphate of iron is thrown down. This precipitate is not soluble 
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ill acetic acid, but is dissolved by the hydrochloric and some other acids, 
hence, before the test is employed, it is advisable to nearly neutralize the 
solution. The precipitation is rendered more complete by boiling the liquid. 

An insoluUe phosphate (lime) should be first dissolved in diluted nitric 
acid. The acid solution gives a gelatinous or flocculent virhite precipitate 
of phosphate of lime, when the acid is neutralized by ammonia. It is inso- 
luble in alkalies. If nitrate of silver is added to another portion of the acid 
liquid, and then a few drops of a weak solution of ammonia, the presence 
of phosphoric acid is indicated by the production of a yellow precipitate 
of phosphate of silver. 

The whole of the phosphoric acid may be obtained from an insoluble 
phosphate, by dissolving it in diluted hydrochloric acid, nearly neutralizing 
the solution with ammonia, and then adding to it acetate of soda with a 
sufficient quantity of perchloride of iron to give a reddish color to the liquid. 
On boiling the liquid, the whole of the phosphoric acid is precipitated in 
combination with the oxide of iron. The pyrophosphates give white precipi- 
tates with solutions of nitrate of silver and acetate of lead. The lead-pre- 
cipitate is dissolved by an excess of the solution of pyro-phosphate. When 
a pyrophosphate is added to a solution of albumen, and the liquid is acid- 
ulated with acetic acid, there is no precipitate. 

The metaphosphates have the characters assigned to metaphosphoric acid 
(page 225). They precipitate the salts of baryta, lead, and silver. The 
white salt of silver is soluble in an excess of metaphosphate, in which respect 
it differs from the pyrophosphate. 

Phosphorus and Hydrogen. {Phosphide of Hydrogen). — Phosphorus 
forms three compounds with hydrogen, one gaseous, PHg; one liquid, PH^; 
and one solid, PqH. The gaseous compound is that which is best known as 
a highly combustible, and in some cases spontaneously inflammable gas. 
This spontaneous inflammability is not, however, a property of the pure gas ; 
but it depends on the admixture of the vapor of the liquid compound, which 
is generated at the same time. It is the spontaneous combustion of this 
vapor in air, which renders the phosphuretted hydrogen, associated with it, 
inflammable. 

The pure phosphuretted hydrogen may be procured by acting on phos- 
phide of calcium with strong hydrochloric acid. As thus procured, it is a 
colorless gas, having a fetid odor resembling that of onions or garlic. Some 
have compared it to the smell of putrid fish. It is soluble in water and 
alcohol. Water will take up about one-eighth of its volume. Although 
combustible at a comparatively low temperature, 212^ (Eegnault,) it does 
not burn spontaneously in air, unless it is mixed with the vapor of the second 
compound. In this case, it burns with a bright white light, producing solid 
phosphoric acid and water. 

The mixed compound, containing the inflammable vapor, was for a long 
time considered to be the true phosphuretted hydrogen gas. It was dis- 
covered by Gengembre, in 1^83, while the uninflammable variety was first made 
known by Davy, in 1812. The spontaneously inflammable gas is prepared 
by heating phosphorus in a very strong solution of potassa, a little ether 
being placed in the retort, to prevent an accident from explosion, when the 
gas is first produced. The gas does not burn in the vapor of ether. The 
changes which take place in its production may be thus represented ; 3K0 -f 
4P + 3E[0=PH3-f 3(K0,P0). It maybe collected over water, and pre- 
served in bottles in a dark place for more than a week, still retaining its 
property of spontaneous inflammability. If exposed to light, the vapor of 
the liquid PH^ undergoes decomposition, and it is resolved into a solid 
phosphide of a yellowish color, and into the non-inflammable gas. This 
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vapor may be separated from the gas, by passing it through a freezing mix- 
ture. It is also decomposed by hydrochloric acid, and in these cases, the 
gas loses the property of spontaneous inflammability. Deutoxide of nitrogen 
restores this property to phosphuretted hydrogen. (Regnault.) 

When a bubble of this gas escapes into the air, it bursts and burns with 
the bright white light of phosphorus, producing an expanding wreath of 
white phosphoric acid vapor, which, as it slowly dissolves in the air, may be 
seen to be composed of numerous smaller wreaths, each rapidly revolving 
around a central axis, and at right angles to the expanding horizontal 
wreath. This motion appears to be dependent on the heated currents of air 
carrying the solid particles of phosphoric acid in their course. PH3,PH2+ 
0^5=2P05-f5HO. Bubbles passed into ajar of oxygen or of protoxide of 
nitrogen, burn with a brilliant light. In chlorine, they burn with a pale 
bluish light forming perchloride of phosphorus. 

A quantity of this gas suddenly exposed, explodes with oxygen or air, and 
in the absence of suflScient oxygen for perfect combustion, red oxide of 
phosphorus is deposited in the vessel. The gas is frequently mixed with 
free hydrogen. This may be detected by a solution of sulphate of copper, 
which dissolves the phosphuretted hydrogen only. It is also absorbed by a 
solution of chloride of lime. 

It has been long known that whether spontaneously inflammable or not, 
the gas had the same composition, a fact which is now intelligible, as the 
property is an accidental result of the admixture of another phosphide in 
vapor. Gay-Lussac and Thenard found that one volume of this gas, when 
decomposed by chlorine, gave three volumes of hydrochloric acid. This 
proved that each volume contained one and a half volumes of hydrogen, or 
two volumes of the compound contained three of hydrogen. The removal 
of the phosphorus from the gas by copper and potassium, establishes the 
accuracy of these volumetric proportions. The weight of phosphorus in each 
volume, is found by deducting one and a half times the specific gravity of 
hydrogen, from the ascertained specific gravity of the gas. This is as nearly 
as possible equal to one-fourth the specific gravity of phosphorus-vapor ; 
hence one quarter of a volume of phosphorus-vapor is combined with one 
and a half volume of hydrogen, in each volume of phosphuretted hydrogen : 
or one half volume with three of hydrogen, in two volumes of the gas. 
Some chemists prefer doubling the volumes — thus making one volume of 
phosphorus- vapor to be associated with six volumes of hydrogen — the 
seven volumes being condensed into four. Its composition will, therefore, 
stand thus :-— 

Atoms. Equiv. Per cent. Vol, Sp.Gr. 

Phosphorus . 1 ... 32 ... 91-43 ... ^ ... 2-1777 
Hydrogen , . 3 ... 3 ... 8-57 ... 3 ... 0-2073 



1 35 100-00 2 2*3850 

The sum of the sp. gr. divided by 2 gives 1*1925. The specific gravity 
of the gas is commonly represented to be ri850 compared with air; and 
compared with hydrogen 17*5. It will be perceived that the gas has some 
analogy in its volumetric constitution to ammonia, but it has not the alka- 
line properties. It forms, however, solid crystalline compounds with the 
hydriodic and hydrobromic acids. The constitution of this gas shows that 
the atoms of elements are not necessainly represented by single volumes ; 
and those of compounds by two volumes. On the former view, the atomic 
volume of phosphuretted hydrogen would be equal to four volumes of the 
compound ; and on the latter view, the atom of phosphorus must necessarily 
be represented by half a volume (see page 66). 
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Phosphuretted hydrogen does not change the color of paper impregnated . 
with a salt of lead ; but it immediately decomposes solutions of silver and 
gold, the metals being reduced by it to the metallic state. The gas is 
absorbed and decomposed by these solutions. Thus the nitrate of silver 
forms a good test for the presence of this compound. When passed through 
a tube heated to redness, the gas is decomposed. 

Liquid Phosphide of Hydrogen (PHg). — This is procured by distilling 
fragments of phosphide of calcium with water only, and collecting the pro- 
duct in a receiver, kept cool by a freezing mixture. The phosphide thus 
procured is a most inflammable liquid. It takes fire in air, and burns with 
a brilliant light. It is colorless, highly refracting, and insoluble in water. 
It remains liquid at — 4^ ; is destroyed by a temperature of 86^, and when 
exposed to light is resolved into solid phosphide and non-inflammable phos- 
phuretted hydrogen : 5PH2=P3H+3PH3. When its vapor is mixed with 
hydrogen it renders this gas spontaneously inflammable in air. It is decom- 
posed by strong hydrochloric acid, and by oil of turpentine. When phos- 
phide of calcium is put into water, gaseous phosphuretted hydrogen, with 
the vapor of liquid phosphide, escapes, and burns in the air with great 
brilliancy. The bubbles of gas are similar to those which are evolved^ 
by boiling phosphorus in a strong solution of potassa. 

Solid Phosphide of Hydrogen {F^). — This is analogous in constitution 
to the oxide, hydrogen being substituted for oxygen. It may be procured by 
exposing to light the liquid compound, or the spontaneously inflammable 
gas. It is of a yellow color, has an odor of phosphorus, but is not luminous 
in the dark. It is reddened by light. It is insoluble in water and alcohol. 
It is not inflamed in air under a temperature of 320^. 

Phosphorus and Nitrogen. — A compound of these metalloids was an- 
nounced by Rose under the formula JST^P. He procured it by saturating 
the pure terchloride of phosphorus at a low temperature with acamonia. 
The white substance thus obtained, when heated to redness out of contact 
of air, left a light white powder insoluble in water, alcohol, and ether. When 
excluded from air and moisture, it is fixed and infusible at a red heat, although 
its constituents are volatile. When heated in contact with air and moisture, 
it evolves white fumes of phosphoric acid, and becomes slowly oxidized with- 
out inflaming. Heated on platinum, it corrodes the metal, and converts it 
into a phosphide. According to Gerhardt, it contains hydrogen, and is in 
reality an amide of phosphorus, NHgP, or Phosphamide, 

Phosphorus and Chlorine. — There are two compounds of these ele- 
ments, a terchloride corresponding to phosphorous acid; and a pentachloride 
corresponding to phosphoric acid. 

Terchloride of Phosphorus (PCI3) This compound, which is liquid, 

is procured by distilling a mixture of phosphorus and chloride of mercury; 
or, by passing the vapor of phosphorus over chloride of mercury heated in 
a glass tube, terminating in a cool receiver. This liquid dissolves phos- 
phorus, and generally holds a little in solution, which gives to it a reddish 
color. When purified by slow distillation, it becomes limped and colorless ; 
it requires it to be cautiously excluded from the action of the air. It has a 
suffocating odor. Its specific gravity is 1*45. Exposed to the air it is vola- 
tile, and exhales acid fumes : it does not change the color of dry vegetable 
blues, but becomes powerfully acid upon the least acquisition of moisture. 
Its vapor is combustible. It has a sp. gr. of 4-t42 ; 3 vols, of chlorine are 
combined with ^ vol. of phosphorus to form 2 vols, of the vapor. Chlorine 
converts it into pentachloride of phosphorus. It acts upon water with great 
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energy, and produces phosphorus and hydrochloric acids, PClg+BHO^POg 
+ 3HC1. 

Pentachloride of Phosphorus (PCl^). — When dry phosphorus is sub- 
mitted to the action of chlorine in excess, it burns with a pale yellow flame, 
and produces a white, flaky, volatile and deliquescent compound, which 
attaches itself to the interior of the vessel, and which is the pentachloride 
of phosphorus. It may be conveniently formed in an exhausted retort, con- 
taining phosphorus, to which chlorine is admitted until the phosphorus is 
saturated. It was formerly mistaken for phosphoric acid, but its easy vola- 
tility is alone a sufficient distinction, for it rises in vapor at 200^. It is fusible 
under pressure, and crystallizable in transparent prisms ; it is a non-con- 
ductor of electricity ; it reddens dry litmus-paper, in consequence, as Ber- 
zelius supposes, of its acquiring hydrogen and oxygen from the decompo- 
sition of the paper. It fumes in the air, and when brought into contact 
with water, a mutual decomposition immediately takes place, and phosphoric 
and hydrochloric acids result. PCl^-f 5H0=P05 + 5B[C1. It is combustible, 
and produces chlorine and phosphoric acid by its combustion. When passed 
through a red-hot porcelain tube with oxygen, phosphoric acid is produced, 
and chlorine is evolved; these facts show that oxygen, at a red heat, has a 
stronger attraction for phosphorus than chlorine. Potassium, heated in its 
vapor, burns with great brilliancy : with dry sulphuretted hydrogen it yields 
hydrochloric acid and chloro-sulphide of phosphorus: PCls+^HS^PSgClg 
-f 2H0I. Metallic oxides decompose it with the production of metallic 
chlorides and phosphates. The vapor has a sp. gr. of 3 '66. It consists of 
one half vol. of phosphorus and 5 vols, of chlorine condensed into 4 vols, 
of the compound. 

There is an oxychloride, PCI3O3, which requires no particular notice. 

Phosphorus and Bromine. — There are two bromides of phosphorus — a 
liquid and a solid — corresponding to the two chlorides (PBrg, PBr-). The 
elements combine on contact with explosive violence, hence great caution 
should be used in preparing these compounds. 

Phosphorus and Iodine. — Iodine combines with phosphorus on contact, 
producing combustion when the mixture is exposed to air. There are two 
iodides, a biniodide, Pig, and a teriodide, PI3. They are both solid and 
crystalline ; they may be procured by dissolving the constituents in their 
equivalent proportions in sulphide of carbon, and cooling the solutions. 

Phosphorus and Sulphur. — These elements combine, according to Pe- 
louze and Fremy, to form five different compounds, four of them corres- 
ponding to the four oxygen-compounds of phosphorus — sulphur being substi- 
tuted for oxygen. Besides these, there is the persulphide PS^^- ^^ which there 
is no analogous oxygen compound. Sulphur and phosphorus may be combined 
by fusion in an atmosphere of carbonic acid, but great caution should be 
used, as with common phosphorus a violent explosion may occur. The phos- 
phorus should be melted under water, and the sulphur gradually added in 
small fragments. Phosphorus will thus combine with a large quantity of 
sulphur without losing its liquid state. Sulphur or phosphorus may be 
obtained in crystals from this mixture on cooling, according to whether one 
or the other happens to be in excess. Amorphous phosphorus may be fused 
with sulphur under these circumstances, without giving rise to an explosion, 
although there is a violent action when fusion takes place. (Kekule.) 
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CHAPTER XIX. 

CARBON AND ITS COMPOUNDS WITH OXYGEN. CARBONIC 
OXIDE. CARBONIC ACID. 

The carbon group of metalloids comprises three bodies — carbon, boron, 
and silicon. Carbon is the great constituent of the organic, and silicon of 
the inorganic kingdom. Boron is not found among organic products, and 
is only sparingly diffused in the mineral kingdom. These bodies do not 
enter into combination with each other ; but they have certain characters in 
common. They exist either in a crystalline or amorphous state ; in the lat- 
ter state, they assume the form of black or dark-colored solids, which may be 
heated in close vessels without change, but undergo combustion and oxida- 
tion when heated in air. Carbon entirely disappears as a gaseous acid, 
(carbonic acid), while boron and silicon are converted into white fusible 
solids (boracic and silicic acids). These three bodies cannot be made to 
assume the vaporous condition, although they readily combine with other 
metalloids to form gaseous compounds. As a summary of their characters, 
they are chiefly remarkable for being in the crystalline state intensely hard ; 
and in the amorphous state, insoluble, and fixed at the highest temperatures. 
Carbon is infusible, but boron and silicon may be fused at a very high tem- 
perature. 

Carbon (0=6). 

History. — Carbon is found in various states which are considered to be 
allotropic modifications of the same elementary substance, but widely differ- 
ing from each other in appearance and physical properties. In its purest 
form, it constitutes— 1, diamond, which is crystallized carbon. In a less 
pure state, it is seen in — 2, plumbago or graphite ; 3, as anthracite ; and 4, 
as coke, the carbon of coal. The state in which it is most commonly seen 
is — 5, as charcoal, derived either from animal or vegetable matter. 

All these varieties agree in the fact that when heated to a high tempera- 
ture in oxygen or air, they undergo combustion and are converted into car- 
bonic acid. The combustibility, however, varies greatly with the molecular 
condition of the carbon. Tinder, the carbon of linen or cotton, is easily 
ignitable, and when once ignited, combustion spreads readily throughout the 
mass ; but a piece of wood charcoal or coke, if ignited, is soon extinguished 
on exposure to air. Animal charcoal, in consequence of its hardness, and 
the very large quantity of mineral matter associated with it, burns with diffi- 
culty. Plumbago and diamond, owing to their compact texture, require to 
be heated to a very high temperature in pure oxygen, before they will readily 
undergo combustion. The diamond finely powdered, may, however, be burnt 
by heating it on red-hot platinum ; diamond dust heated with sulphuric acid 
and bichromate of potassa, is said to be completely converted into carbonic 
acid. (Rogers.) 

Carbon is essentially the element of the organic kingdom. All organic 
substances, or those which have been produced under the influence of life, 
contain it. It constitutes nearly half the weight of the dried animal or 
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vegetable substance. In the vegetable kingdom, it forms the skeleton of the 
plant or tree — a fact which is made evident to us by the perfect preservation 
of form, when the substance has been heated out of contact with air. The 
detection of carbon in the residues of substances heated to redness in close 
vessels, is properly relied upon as the best evidence of the presence of or- 
ganic matter. Carbon is, however, an important constituent of the mineral 
kingdom. Apart from its crystalline forms in diamond and plumbago, it is 
found as anthracite, bituminous coal, and lignite, in vast deposits in the earth. 
Limestone, marble, chalk, and coral, contain carbon (in a combined state as 
carbonic acid) in the proportion of about twelve per cent, of their weight ; 
and in the atmosphere, carbonic acid (which contains twenty-seven per cent, 
by weight of carbon) is universally found. There is reason to believe that 
it is through this medium that carbon finds its way into the vegetable struc- 
ture ; and that the oxygen associated with it, is restored to the atmosphere 
to be again converted by animals into carbonic acid. Carbon is also present, 
as carbonic acid, in rain, spring, and river- water. 

Diamond (aSa^taj, signifying hardness). — This substance has been found 
in India, Borneo, the Brazils, and Siberia. Diamonds have hitherto been 
met with in detached crystals, in alluvial soils, associated with rolled quartz- 
pebbles, sand, and a ferruginous clay. They are obtained by simply wash- 
ing the soil ; their great specific gravity facilitating their separation from 
the light sand and clay. Diamonds are now chiefly procured from the district 
of Serra do Frio, in the province of Minas Geraes, in the Brazils. 

The primitive form of the diamond is a regular octahedron, each triangular 
facet of which is sometimes replaced by six secondary triangles, bounded by 
curved lines ; so that the crystal becomes spheroidal, and presents forty-eight 
facets. Diamonds, with twelve and twenty-four facets, are not uncommon. 
The diamond has been found of various colors ; those which are colorless 
are most esteemed ; then those of a decided red, blue, yellow, pink, or green 
tint. Those which are brown are least valuable. Three-fourths of the stones 
found, are tinged with some color, mostly pale yellow or yellow brown. 

The fracture of the diamond is foliated, its laminse being parallel to the 
sides of a regular octahedron. Although the hardest of bodies, it is brittle, 
and is easily broken when struck in its planes of cleavage, which are four, 
corresponding to the octahedral sides. Its specific gravity varies from 3*5 
to 3*6 : it is most commonly 3*52. Its specific heat is 0*1192. It is a non- 
conductor of electricity, and acquires positive electricity by friction. It con- 
ducts heat so much better than glass, that this property is sometimes em- 
ployed as a test, to distinguish the diamond from substances which resemble 
it. It exerts a highly refractive power on light: compared with glass or 
rock-crystal it is 2*4^ to 1-6. When exposed for vsome time to strong sun- 
shine, it becomes, by insolation, luminous in the dark. The strongest alkalies 
and acids, including the fluoric acid, whether singly or in mixture, have no 
effect upon it. The fluoric acid, however, dissolves and destroys artificial or 
paste diamonds. With the exception of oxygen, the metalloids, including 
fluorine, have no action upon itj and oxygen will only combine with it at a 
very high temperature. Its combustibility was first proved in 1694. It re- 
quires a most intense heat to effect this. It may be burnt in a vessel of pure 
oxygen by concentrating upon it the solar rays, or by heating it in the flame 
of the oxy-hydrogen blowpipe, and then introducing it into a bell-jar of pure 
oxygen. In the atmosphere, however heated, it will cease to burn so soon 
as the current of air is withdrawn. It has been clearly proved that carbonic 
acid is the sole product of this combustion, and that equal weights of pure 
carbon and diamond yield the same quantity. The diamond, like other kinds 
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of carbon, deflagrates with melted nitrate of potassa, and produces carbonate 
of potassa. During its combustion in oxygen, it evolves, without flame, a 
bright light, which is even visible in sunshine; and it occasionally leaves a 
slight incombustible residue. Some diamonds have been entirely consumed 
in oxygen ; others have left a residue of silica and oxide of iron, varying from 
0'16 to 0'2 per cent, of their weight — a quantity so small, that it may be 
regarded as an accidental impurity. The black, or carbonic diamond {car- 
honado)^ found at Bahia, in Brazil, in 1843, when burnt, leaves a larger 
residue. Three samples left respectively residues weighing 0*24, 0*2'I, and 
2*03 per cent, of their weight. (Dumas.) The sp. gr. of this variety of 
diamond, which is chiefly used for making polishing powder, is from 3'1 to 
3*43. It is the diamond in an amorphous state, quite opaque, and varying 
in color from iron-gray to reddish-black. In two years, four thousand ounces 
were extracted in Bahia. 

When a diamond is heated on charcoal in the arc of fire from a powerful 
battery, it softens, cracks, increases in size, becomes black, and assumes the 
appearance of coke. Its sp. gr. is reduced from 3*3 to 2*6. In this state 
it is a conductor of electricity : it scratches glass, but is so brittle that it can 
be broken between the fingers. The effect of intense heat in thus destroying 
the transparency and completely changing the molecular condition of the 
diamond, appears to show that this substance, as it is found in nature, has 
not been exposed to a high temperature in its production. All attempts to 
fuse or crystallize carbon, or to form diamonds artificially, have hitherto 
failed. Some suppose that the carbon of diamond is of organic origin ; but 
all that we can surmise is, that it has been crystallized from some unknown 
solvent. Olefiant gas and the sulphide of carbon are colorless compounds 
of this element. The sulphide, which is a liquid compound containing one- 
sixth of its weight of carbon, has, like the diamond, high refracting powers. 
If the sulphur could be slowly withdrawn from it by any artificial process, 
the carbon might be separated in a crystalline state. This liquid dissolves 
sulphur and yields it in octohedral crystals like those found in nature. 
When carbon is separated from olefiant gas, ether, oil of turpentine, and 
other transparent gases and liquids, it always assumes the black, or amor- 
phous condition. The diamond, it is to be observed, is not always found 
crystallized in a regular form. Sometimes the substance has presented only 
a crystalline structure, at others, as in the black diamond, it has been found 
amorphous, having the appearance of intensely hard black charcoal. 

The art of cutting and polishing diamonds, though probably of remote 
antiquity in Asia, was first introduced into Europe in 1456, by Louis van 
Berquen, of Bruges, who accidentally discovered that, by rubbing two 
diamonds together, a new surface or facet was produced. The forms which 
are given to the polished diamond are the brilliant and tshe rose. The bril- 
liant form, which has from 56 to 64 facets, was first introduced by Cardinal 
Mazarin, in 1650. It is especially calculated to bring out the lustre and 
refractive powers of the gem. Thus a well-cut brilliant, held in a beam of 
light, reflects nearly the whole of the light which falls upon it, throwing it out 
and refracting it in colored rays through the facets in front. With the ex- 
ception of one small point of light through the collet, the brilliant forms an 
opaque shadow on a screen. 

The diamond appears to be unchangeable, and the most indestructible of 
substances. The Koh-i-Noor, said to have been discovered in 1550, and now 
among the British crown jewels, had undergone no apparent alteration in 
brilliancy or polish after the lapse of three hundred years. The weight and 
value of diamonds is usually estimated in carats, of which 150 are about 
equal to one ounce troy, or 480 grains; i. e., each carat is- equivalent to 3*2 
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grains. The Koh-i-JSToor, when first discovered, is stated to have weighed 
900 carats. It lost by the first cutting 2*79 carats, and it has been consider- 
ably reduced by its having been recently cut into the shape of a brilliant. 
Its weight is now said to be 102 carats. The Russian diamond, the Koh-i- 
Toovj weighs 193 carats, but in consequence of its irregular shape, its value 
is small in proportion to its weight. Probably the finest diamond in the 
world, for its water, shape, and size, is the Pitt diamond, now among the 
crown jewels of Prance. It was discovered in lt02, and was purchased in 
the rough state by Mr. Pitt, governor of Bencoolen. In HIT, it was sold 
to the E-egent Duke of Orleans, during the minority of Louis XY., for the 
sum of 135,000/. It was cut into the form of a perfect brilliant, and proved 
to be of the finest water, without color or flaw. It weighed, before cutting, 
410 carats, and after cutting, 136. The chips and dust obtained from it, 
were valued at 8000/. In 1791 a commission of jewellers assigned its value 
at 480,000/. It is remarkable that these three large diamonds were found in 
the same district of Central India. The cutting and polishing of diamonds 
is chiefly carried on at Amsterdam. 

Apart from its use in ornamental jewellery, the diamond is employed in 
the arts. Owing to its hardness, it is found a useful substance for the pivot- 
holes of watches. It has been employed for microscopic lenses, and it is 
extensively used for cutting glass. The edge of one of the small curvilinear 
crystals is selected for this purpose, as the edges of the crystals formed by 
flat planes, only scratch the surface, without producing that peculiar fissure 
by which the glass can be smoothly cut. 

The diamond possesses none of the ordinary properties of carbon, as they 
are known in charcoal. This, no doubt, depends on the different molecular 
states of the two bodies. 

Plumbago. Graphite. Black Lead. — This substance is well known 
in the manufacture of pencils, for which purpose it is almost exclusively 
obtained from the mine of Borrowdale, at the west end of Derwent Lake, 
in Cumberland, where it was first wrought during the reign of Elizabeth. 
In a less pure state, it is not an uncommon mineral, occurring in detached 
masses, generally in primitive rocks. It is thus found in Germany, France, 
India, Ceylon, and North and South America. It is of an iron-gray color, 
metallic lustre, and soft and greasy to the touch, producing a leaden mark 
on paper. Its specific gravity varies from 1*9 to 2*5 ; it occasionally occurs 
crystallized in hexagonal plates ; it conducts electricity, and, for this 
purpose, is much used in the electrotype process. It is infusible, very 
difficult of combustion, and when mixed with fire-clay, is a useful ingredient 
in the manufacture of crucibles and melting-pots intended to withstand high 
temperatures. It undergoes no change in air, and is used to cover articles 
of iron to prevent them from rusting. When it is burned in a stream of 
oxygen gas, it leaves a small quantity of yellow ash, composed chiefly of 
oxide of iron, with silica and titanic acid, but varying in quantity in difi'erent 
specimens. In good plumbago, the carbon amounts to 96 per cent. Some 
specimens from Brazil leave scarcely any residue when burnt. The oxide of 
iron is an incidental ingredient, and is not in chemical combination with 
carbon. It exists in no definite proportion. The late Mr. Brockedon found 
that the dust of plumbago might be forced, under great pressure (like spongy 
platinum), into a coherent mass, which might be cut and applied to the same 
uses as the pure native substance. 

Cast-iron, after corrosion, as a result of long immersion in sea-water, 
acquires the softness, greasiness, and some other physical characters of 
plumbago. The cannon-balls and cast-iron guns of the Royal George^ sunk 
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at Spithead, presented this condition after raany years' submersion in 
sea-water. A mass of cast-iron, which had been immersed some years in a 
brewer's vat, had a loose and spongy structure, and was so soft that it could 
be cut with a knife. It appears from analysis that, in this transformation, 
the greater portion of the iron is removed, and the carbon largely predomi- 
nates. The durability of cast-iron piers, sunk in sea-water, may be affected 
by this change. 

Mr. Brodie has found that plumbago is remarkably altered in its chemical 
and physical properties, when it is heated with sulphuric acid and chlorate 
of potassa. 

Carbon of Coal. — The principal constituent of coal is carbon, associated 
with variable proportions "of oxygen and hydrogen, as well as with small 
quantities of sulphur and nitrogen. The British caking or bituminous coals, 
including those of Northumberland, Nottinghamshire, and South Wales, 
have a sp. gr. of about 1'2 ; and according to Dr. Percy, they contain from 
IT to 83*44: per cent, of carbon. The British non-caking coals contain from 
YS to 80 per cent, of carbon ; while cannel coals contain 18 to 84 per 
cent. (Percy", Metallurgy, p. 99.) All kinds of coal yield an ash consisting 
of silica, oxide of iron, and lime. In good coal this varies from one to three 
per cent, of its weight. In the bituminous schists, such as the Torbane 
mineral, miscalled coal, the ash amounts to 25 per cent, of the weight of 
the substance. 

The chief characters of good coal are that it is a black, brittle, combustible 
substance, containing a large amount of carbon, of which it will yield about 
half of its weight, under the form of coke, when it is heated out of contact 
of air. The amount of mineral ash w^hich is left, after perfect combustion, 
is small, and does not interfere with the use of the substance for heating 
purposes. 

In Lignite, or wood coal, which forms one end of the coal series, the 
shape and structure of the wood are preserved. In Bituininous, or pit-coal, 
the vegetable structure is in great part lost, probably as a result of heat and 
compression. Anthracite, or stone-coal, called also mineral charcoal, contains 
a larger proportion of carbon than the other varieties. It is very heavy, 
having a specific gravity of 1*4, to 1*8, and has no resemblance whatever to 
wood. It is well known as the culm of Wales, and the Kilkenny coal of 
Ireland. It has a slight metallic lustre, is very difficult of combustion, so 
that it will burn only in a strong current of air.; and when ignited, it is 
consumed without flame, smell, or smoke. We have found good Kilkenny 
anthracite, to leave only 4.4 per cent, of a reddish-brown ash, consisting 
chiefly of oxide of iron and silica, so that this coal might be considered as 
mineral carbon in a state nearly pure. It constitutes the other extreme of 
the coal series. 

Coke. — This is the carbonaceous residue of the distillation of pit-coal. 
It is manufactured on a large scale in ovens constructed for the purpose. 
The bituminous coal of Northumberland yields 66 per cent. ; and that of 
Nottinghamshire, 63 per cent, of coke. Non-caking and cannel coals yield 
rather less. Coke has a sp. gr. of 1*6 to 2, but in equal bulks it is about 
one-half the weight of coal. It has a porous texture, and sometimes a 
metallic lustre. This is owing to the glazing or fusion of ashes upon the 
surface. It is difi&cult of combustion except in large masses, and under a 
rapid current of air. Small pieces, when removed from the fire red-hot, are 
soon extinguished. It contains sulphur, and yields, by combustion, sul- 
phurous acid. If quenched with water while red-hot, sulphuretted hydrogen 
is produced by the decomposition of the water. It exceeds all fuels in the 
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amount of heat which it evolves by combustion. Next to hydrogen, there 
is no body which consumes so large an amount of oxygen as carbon ; but 
coke gives a more powerful and steady heat than wood-charcoal, hence it is 
largely employed as a fuel in furnaces. It will evaporate 14 times its 
weight of water. The harder the coke, the greater is its value as fuel. 
Dry coke does not absorb aqueous vapor like charcoal. It will not take up 
more than from 1 to 2-^ per cent, in a humid atmosphere ; but perfectly dry 
coke, placed in water, will absorb this liquid to the extent of half of its 
weight. 1000 parts of dry coke, according to Berthier, consists of carbon, 
858 ; ashes, 115 ; volatile matters, '*02'7. Good coke should not yield more 
than 4 or 5 per cent, of ash. Certain hard kinds will yield from 10 to 15 
per cent, of their weight. 

Charcoal. — Preparation. — Charcoal may be obtained either from vege- 
table or animal substances. In order to procure it, it is necessary that the 
organic matter should be heated to a high temperature out of contact of air. 
If an ordinary splint of wood be burnt in air, the carbon is entirely 
consumed, and a white alkaline ash remains. If a similar splint ignited, is 
gradually lowered into a narrow test-tube, allowing only a slow combustion 
to go on at the mouth of the tube, a skeleton of the wood in charcoal will be 
obtained. Introduce between two layers of mica a slip of paper, and place 
a similar slip on the outside of the mica. When heat is applied beneath, 
the piece of paper which is protected from air, will be converted into 
charcoal, while that which is exposed will be consumed, leaving only a slight 
ash. If a sheet of paper, or a portion of lace, impregnated with a solution 
of phosphate of ammonia is dried and burnt in air, the carbon of the 
vegetable matter is obtained, retaining its perfect form {see page 220). 
Charcoal may be prepared for chemical purposes by heating to redness, in a 
crucible, pieces of box-wood, covered with sand, and keeping them in that 
state for about an hour, or until all volatile matters are expelled. They are 
thus converted into a black brittle porous substance, which appears to be 
essentially the same, from whatever kind of wood it has been procured. The 
stick of charcoal, when broken, should be equally black throughout. Sugar 
and certain other substances, which neither contain nitrogen nor leave any 
residue after combustion, when intensely heated in closed vessels, yield a pure 
charcoal ; it always retains, however, traces of oxygen and hydrogen ; thus, 
Erdmann and Marchand found in the carbon of sugar obtained at a white 
heat, 3*1 per cent, of oxygen, and 0-6 of hydrogen, and even after it had 
been subjected for three hours to the highest temperature of a blast-furnace, 
it retained 0*5 per cent, oxygen, and 0*2 hydrogen. In passing the vapors 
of certain hydrocarbons, and of oils, alcohol, and ether, through white-hot 
porcelain tubes, pure carbon is deposited. A variety of pure carbon is 
occasionally found in coal-gas retorts, and in the tubes connected with them, 
resulting from the decomposition of the first products of the distillation of 
coal. It has a gray color, and often exhibits a laminated texture ; its 
streak is black, and it breaks with an earthy fracture : its specific gravity is 
about 1*8. It sometimes happens that the gas escapes through a crack in 
the retort, in which case a peculiar carbonaceous deposit is forming upon the 
surrounding brickwork, of a stalactitic character, an iron-gray color, and 
considerable lustre ; it does not easily burn, nor does it soil the fingers. 
Some specimens, from their appearance, might be considered to be metallic : 
its specific gravity is about I'tS. 

Common charcoal, employed as fuel, is usually made of oak, chestnut, elm, 
beech, or ash-wood, the resinous woods being seldom used. Young wood 
affords a better charcoal than large timber, which is also too valuable to be 
thus employed. The billets are formed into a conical pile, which, being 
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covered with earth or clay, is suffered to burn with a limited access of atmo- 
spheric air, by which its complete combustion, or reduction to ashes, is pre- 
vented. Another, and a more perfect mode of preparing charcoal, consists 
in submitting the wood to a red heat in a kind of distillatory apparatus, 
consisting of cast-iron cylinders, from which issue one or more tubes for the 
escape of gaseous matters and vapors. This kind of charcoal is preferred 
for the manufacture of gunpowder. A third method of charring wood con- 
sists in exposing it to the action of highly heated steam, by which, according 
to Yiolette (Ann. Gk et Ph.^ 3me Ser., xxiii. 415), different modifications 
of charcoal may be obtained, especially adapted for the manufacture of gun- 
powder. In another memoir upon the same subject {Ihid. xxxii. 346), M. 
Yiolette arrives at the following conclusions : 1. That the quantity of char- 
coal obtained from wood decreases in proportion as the temperature in- 
creases. At 482° the average product of charcoal is 60 per cent. ; at 512°, 
33 per cent. ; at T52^, about 20 per cent. ; and at the temperature of fusing 
platinum about 15 per cent. 2. The quantity of charcoal varies with the 
duration of the process of carbonization, and is greatest when the process is 
slowly carried on. 3. The normal carbon of the wood is divided during 
carbonization into two parts, one of which remains in the charcoal, and the 
other escapes with the volatile products. This division varies with the tem- 
perature of carbonization ; thus, at 482^ the carbon remaining in the char- 
coal is double that which escapes : between 5T2° and 662^ the two portions 
are equal, and at a high temperature the quantity which escapes is double 
that which remains. 4. The charcoal retains a quantity of carbon propor- 
tionate to the temperature of carbonization ; at 482^ it includes 65 per cent, 
of carbon ; at 512^, t3 per cent. 5 at 152^ 80 per cent. ; and carbonized at 
a higher temperature it contains 96 per cent, of carbon, but at no tempera- 
ture is the product, carbon, in a state of purity. 5. Charcoal, however pre- 
pared, always retains gaseous matter, varying with the temperature of its 
preparation ; when made at 482° it amounts to half the weight of the char- 
coal ; at 572° to one-third ; at 662° to one-fourth ; at 152° to one-twentieth ; 
and at the highest temperatures to about one one-hundredth. The preceding 
facts show the great influence of temperature, and of the duration of the 
carbonizing process, upon the produce of charcoal from the same wood. 6. 
When wood is carbonized in perfectly close vessels, the resulting charcoal 
retains nearly the whole amount of carbon; when thus charred, at between 
300° and 660°, the percentage of carbon in the charcoal is about 80, which 
is thrice that contained in charcoal prepared in the usual way. 1. In ordi- 
nary carbonization, the so-called brown charcoal {Gharhon roux) is not ob- 
tained under 518°, and the quantity amounts to about 40 per cent. ; but in 
a perfectly air-tight vessel the quantity obtained is 90 per cent., and the 
temperature at which it is formed is 356°. 8. Wood, inclosed in a perfectly 
air-tight vessel, and subjected to a temperature of from 512° to 152°, under- 
goes a species of fusion ; it agglutinates and adheres to the vessel •, on cool- 
ing, it has lost all organic texture, and is a black, shining, porous, fused 
mass, exactly resembling pit-coal which has undergone semi-filsion. This 
seems to explain the formation of coal. 9. Charcoal made in perfectly close 
vessels contains ten times more ash than common charcoal, so that the vola- 
tile matters which escape during the ordinary process of carbonization or 
distillation, carry with them, either blended or combined, a large proportion 
of the mineral substances which constitute the ashes. 10. Charcoal, pre- 
pared in the ordinary way, varies much in quality and composition, in con- 
sequence of the variation in temperature and time consumed in the process 
of charring. The position of the pieces of wood in the cylinders, namely, 
whether central or external, in reference to their contents, affects its quality. 
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a matter of much inconvenience in the manufacture of gunpowder. Char- 
coal obtained by the action of highly heated steam, is of a more uniform 
character than that which is produced as a result of partial combustion in a 
stack. 

The quantity and quality of charcoal obtained from different kinds of wood 
are liable to much variation, according to the temperature and mode of char- 
ring. The following table shows the produce of charcoal from 1000 parts 
of several varieties of dense and light woods after exposure to a very high 
temperature out of contact of air. 



Ebony 


. 305 


Box . 


. 202 


Botany Bay-wood 


. 281 


Fir . . . 


. 181 


Brazil-wood 


. 260 


Lignum-vitse 


. 175 


Eveoas-wood 


. 225 


Oak . . . 


. 174 


King-wood . 


. 220 


Mahogany . 


. 157 


Tulip-wood . 


. 208 


Beecti . 


. 150 


Satin-wood . 


. 207 







The ashes left by charcoal after complete combustion, vary in quantity 
with the kind of wood from which it has been procured. Ordinary charcoal 
used as fuel leaves, on an average, 2 per cent, of ashes, consisting chiefly of 
carbonate of potash, silica, lime, and oxide of iron. The results of experi- 
ments on this subject have shown that 1000 parts of charcoal from the wood 
of the lime-tree yields of ashes 50 parts ; the charcoal of the oak, 25 ; of the 
birch, 10; of the fir-tree, 8; of the hornbeam, 26; and of the beech, 80 
parts. There is a great loss of carbon in the ordinary methods of preparing 
charcoal. Thus, assuming that green wood contains 38*5 per cent, of this 
element, the most perfect processes of carbonization do not give a product 
greater than 27 or 28 per cent., and the common plan adopted in forests is 
so wasteful that not more than 17 to 18 per cent, are obtained. The loss 
is occasioned partly by the production of carburetted hydrogen, and, as a 
result of combustion, carbonic acid ; and partly by the formation of tar and 
acetic acid. 

Properties. — Wood-charcoal is a black, amorphous, insoluble, inodorous, 
insipid, opaque, and brittle substance. It preserves the form of the wood, 
is very porous, containing much air, and has a ringing metallic sound. Its 
pores may be injected and made visible by cooling it when red-hot under 
mercury. Unlike the diamond, it is a good conductor of electricity, but a 
bad conductor of heat, especially when in the state of powder. It is un- 
changed by the combined action of air and moisture at common tempera- 
tures. It is easily combustible in oxgen gas. Its specific heat, as estimated 
by Regnault, is 0'2411. When pure it is perfectly infusible at all known 
temperatures ; in the cases in which it was, supposed to have been fused, the 
fusion was owing to the presence of silicates in the ashes. Under common 
circumstances of ignition, it does not appear to volatilize, but it is not im- 
probable that in the process of steel-making the penetration of iron by 
carbon, may be partly due to its volatility; and in the voltaic ignition of 
charcoal -points, carbon passes from the positive to the negative side in the 
arc of flame : so that a concavity is formed upon the surface, when the + 
electricity emanates, and a deposit of carbon upon the opposite pole. The 
intense white light produced in the passage of the electric fluid, is owing to 
the incandescence of the minute particles of carbon transferred from one 
pole to the other. In air, there is combustion, but when the experiment is 
performed in vacuo ^ the light is just as brilliant, and in this case, it must be 
exclusively due to incandescence. The specific gravity of charcoal is about 
1-7. It readily floats on water, owing to the large quantity of air within its 
pores. If a piece of charcoal, after having been heated to full redness for 
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some time, is suddenly cooled under water, it will acquire its proper density 
and sink. Ordinary charcoal, sunk in a jar of water by attaching to it sheet- 
lead, will be found to yield, in vacuo, a large quantity of air, chiefly from 
the broken ends. Pieces of charcoal placed in ajar full of water, inverted 
in a basin, will give out a large portion of the air which they contain. When 
strongly heated out of contact of air, it becomes harder and closer in tex- 
ture, and is rendered a better conductor of heat and electricity. When 
heated in a current of air, it is consumed, leaving a white or reddish-white 
ash {see p. 239). Water, alcohol, ether, hydrochloric acid, and solutions of 
chlorine and hydrofluoric acid, have no action upon it. It is slightly dis- 
solved by strong sulphuric acid, giving to it a brownish color ; and by the 
aid of heat it decomposes nitric acid. It is this indifference to chemical 
agents, which renders charred wood, such as piles sunk in the earth, inde- 
structible. Some of these have been found entire after the lapse of many 
centuries. 

Newly-made charcoal has the property of absorhing and fixing gases and 
vapors, including aqueous vapor. We have found that box-wood charcoal 
increased in weight 14 per cent, within 24 hours. The average increase 
from this absorption is from 10 to 12 per cent. The researches of Saussure 
have proved that different gases are absorbed by charcoal in different pro- 
portions, and that the absorption attains its maximum in 24 hours. Damp 
charcoal does not absorb gases so readily as that which is dry. If charcoal 
is heated red-hot, cooled under mercury, and then introduced into a gradu- 
ated tube containing a gas, the results may be easily observed and compared. 
Assuming that one cubic inch of charcoal is employed in the experiment, 
then, according to Saussure, the number of cubic inches of each gas ab- 
sorbed will be represented by the figures in the following table : — 



Ammonia 


. 90 


defiant gas . . . 35 • 


Hydrocliloric acid . 


. 85 


Carbonic oxide . . 9*42 


Sulphurous acid . 


. 65 


Oxygen . . . .9-25 


Sulphuretted hydrogen 


. 55 


Nitrogen . . • .7*5 


Protoxide of nitrogen . 


. 40 


Light carburetted hydrogen 5 . 


Carbonic acid 


. 35 


Hydrogen . ,. . 1*75 



It has been observed that the- temperature of the charcoal rises as the gas 
is condensed within its pores. When charcoal, already saturated with any 
one gas, is put into another, it gives out a portion of the gas already ab- 
sorbed, and takes up a portion of the new gas. It would also appear that 
this absorptive quality partly depends upon the mechanical texture of the 
charcoal, and consequently varies in the charcoals of different woods. Ac- 
cording to Yogel, when recently-ignited charcoal, which has been cooled 
under mercury, is put into a jar of atmospheric air, it absorbs the oxygen of 
the air to a greater extent than the nitrogen. A piece of well-burned char- 
coal, cooled under sand, and then introduced into a mixture of oxygen and 
sulphuretted hydrogen gases, rapidly absorbed them : it then became ignited, 
and caused a violent explosion which shattered the bell-jar. In this experi- 
ment, which nearly led to a serious accident, a yellow vapor appeared to 
issue from the pores of the charcoal, just before the explosion took place. 
This was owing to the separation of sulphur. It is probable that the sul- 
phuretted hydrogen employed was mixed with some free hydrogen. Thenard 
observed, that when fresh made and dry charcoal was saturated with sul- 
phuretted hydrogen, and introduced into oxygen, the gases combined, with 
explosion, and water and sulphurous acid were produced. When the oxygen 
was mixed with nitrogen, the effect took place more slowly, and the hydrogen 
alone was consumed ; there was at the same time a deposit of sulphur. 

This property of charcoal is referred to catalysis (p. 54). It resembles 
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the action of spongy platinum on certain mixtures of gases : but there is 
this diiference between the two substances : Platinum has not the absorbent 
powers on gases which is manifested by charcoal, but it has a greater com- 
bining power. If coarsely powdered wood-charcoal is boiled in a solution 
of chloride of platinum, until it is thoroughly impregnated with the liquid, 
and is then heated to redness in a covered crucible, it will retain within its 
pores a residue of platinum: this substance is remarkable for its powers of 
absorption and combination. 

To this property may be ascribed the power which charcoal possesses of 
absorbing and removing foul effluvia (see p. 212). A small quantity of 
powdered charcoal shaken in a jar of air containimg sulphuretted hydrogen 
gas, soon removes the smell. If water, containing sulphuretted hydrogen, 
is filtered through charcoal, it is speedily deodorized. The gas is first 
absorbed, and ' by a catalytic Action the oxygen of the air unites to the 
hydrogen, while sulphur is deposited. The charring of the interior of a 
cask, intended to hold water for use at sea, has a similar influence on 
foul water put into it. Sulphuretted hydrogen is so completely removed, 
that the usual tests for the gas will fail to indicate its presence. Pans of 
powdered charcoal placed about a room in which there are foul effluvia, 
are thus efficacious in removing them. Putrescent animal matter is 
deprived of its offensiveness by covering it with powdered charcoal. If the 
charcoal should lose its power by long use, it may be easily restored by 
again heating it. 

Experiments on a large scale have been performed by Dr. Letheby and 
Mr. Haywood, in order to determine how far charcoal could be practically 
employed for destroying the effluvia of public sewers. Well-dried charcoal, 
broken to the size of a filbert, was placed in trays in the current of air pro- 
ceeding from a sewer — it thus acted as an air-filter. The result was most 
satisfactory ; the foul effluvia were arrested and destroyed, and the charcoal, 
after from nine to twenty months^ use, when treated with water, yielded an 
abundance of alkaline nitrate, a fact which proved that it had caused the 
oxidation of nitrogen in ammonia and other nitrogenous compounds. The 
absorbing and oxidizing powers of charcoal were greatly diminished when 
it was saturated with water, hence, owing to the absorption of moisture, 
the sieves required changing once in three months. If the charcoal is kept 
dry, there appears to be no limit to the oxidizing action of this substance. 
There can be no doubt from these experiments, that, by a proper use of 
powdered charcoal, the noxious effluvia of drains and sewers — the vehicles 
of typhoid fever — may be prevented from entering our dwellings. {Report 
to Commissioners of Sewers, Feb. 1862.) 

But charcoal has not only the power of removing smells : it will also 
remove colors, and even, in some cases, the taste of liquids, where this 
depends on the presence of certain organic substances. Introduce into 
four bottles containing powdered charcoal, solutions of diluted sulphate of 
indigo, of cochineal, of the blue iodide of starch, and of the red permanganate 
of potassa. Agitate these liquids for a short time with the charcoal, and 
on filtration, it will be found that the colors are entirely removed. Port- 
wine maybe rendered tawny or light colored by a similar process, thus 
giving to it the appearance of age. Impure solutions of sugar and of 
nitre, lose their colors by filtration through beds of charcoal — animal 
charcoal being preferred for this purpose. Other impurities which interfere 
with the crystallization of these substances are also removed. The crystal- 
lizable vegetable acids and alkaloids are thus brought to a high state of 
purity, but not always without loss. Mr. Warington observed that the 
sulphate of quinia was removed from its solution by charcoal, and that the 
16 
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bitterness of the bop may be entirely removed from ale by this substance, in 
the attempt to make dark-colored ale pale. Strychnia is so completely 
removed under these circumstances, that Mr. Graham has recommended it 
as the basis of a process for the detection of strychnia in liquids containing 
organic matter. As a medium of filtration, therefore, charcoal is eminently 
qualified to purify water. It removes color, taste, and smell. Charcoal 
obtained by the distillation of peat, or of spent oak-harh, used in tanning, 
possesses these properties in an eminent degree. 

Charcoal has a great deoxodizing power, even at low temperatures. 
Portions of fresh-burnt box-wood charcoal, free from ashes, introduced 
into nearly neutral and very diluted solutions of gold, platinum, palladium, 
silver, and copper, separate the respective metals, which are deposited on 
the charcoal in thin films. The deposit of copper, if allowed to remain in 
the liquid, soon disappears. At a red heat, charcoal deoxidizes many fixed 
and volatile metallic oxides (arsenious acid), reducing them to the metallic 
state. It is in fact, the great reducing agent of metallurgists. At a white 
heat, owing to its fixedness, it deoxidizes even potassa, soda, and phos- 
phoric acid, setting free in vapor, potassium, sodium, and phosphorus. 
It also decomposes water, producing carbonic oxide and hydrogen (water- 
gas). When the vapor of water is passed slowly over charcoal heated to 
full redness in a porcelain tube, or when an incandescent piece of charcoal 
is plunged under a jar in a water-bath, these gases are evolved, and may 
be collected : (HO + C=H + CO). But carburetted hydrogen and carbonic 
acid are also products of this decomposition. Bunsen found that in 100 
parts of this water-gas, there were 56*03 hydrogen ; 29 '15 carbonic oxide ; 
14*65 carbonic acid ; and O'lt of carburetted hydrogen. 

Charcoal produces in the cold a violent explosion wdth perchloric acid : 
at a red heat, it deoxidizes- the chlorates, perchlorates, and nitrates with 
deflagration, producing carbonates with the respective alkaline bases. At 
a full red heat it converts most of the sulphates to sulphides. It has no 
action on the haloid salts — namely, the chlorides, bromides, iodides, and 
fluorides, and it does not decompose at a high temperature silica and alu- 
mina. Its combinations with metals are called Garhides, or carburets. There 
is only one of these well known — namely, its compound with iron as cast-iron. 
Carbon is found as an impurity in aluminum, and in some other metals. 
Among the metalloids, it enters into direct union only with oxygen and sul- 
phur, and even in reference to these bodies a very high temperature is required 
to bring about chemical combination. 

Equivalent — Tests. — The equivalent or atomic weight of carbon is fixed, 
by most chemists of repute, at 6. As it is unknown in the vaporous con- 
dition, its volume is of course hypothetical. For convenience, it is assumed 
to be the same as that of hydrogen, and is therefore taken as one or two 
volumes, according to the assumed volume-equivalent of that element. When 
carbon, as charcoal, is in a free state, it may be identified by its color, inso- 
lubility in all menstrua, its fixedness in close vessels, and its combustion and 
entire conversion to gaseous matter when heated in air. It may be also 
known when existing in any state, by its combustion, as a result of defla- 
gration in melted nitre or chlorate of potassa, and by the production of car- 
bonate of potassa. Carbon may, however, exist in such a form, in organic 
compounds, that with the exception of deflagration, these tests are no longer 
applicable for its detection. The substance suspected to contain it, should 
be well dried and mixed with four parts of dried black oxide of copper, or 
dry chroraate of lead. The mixture inclosed in a small reduction-tube, bent 
at an angle, should be then gradually heated to redness — the mouth of the 
tube being immersed in lime-water, contained in a watch-glass. The pro- 
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duction of a white deposit of carbonate of lime will prove that the substance 
under examination, contained carbon. The oxygen of the oxide of copper 
or chromic acid, here serves as the medium for converting the carbon, pre- 
sent in the organic matter, into carbonic acid. If the quantity is required 
to be determined, then it will be necessary to connect the tube containing 
the mixture, with another tube, in which is placed powdered chloride of 
calcium (for the purpose of drying the carbonic acid), and conduct the pro- 
ducts of combustion into a balanced vessel containing a saturated solution 
of potassa. {See Analysis oe Organic Substances.) The amount of car- 
bonic acid, and by calculation, the amount of carbon, present, may be thereby 
determined. 

Two others forms of carbon require a brief notice. 

Animal Charcoal. — Charcoal obtained by the carbonization of animal sub- 
stances, such as muscle, horn, or hoof, resembles wood-charcoal in its gen- 
eral characters ; but instead of retaining the form of the matter from which 
it is produced, it appears as if it had undergone fusion, and often has a pecu- 
liar lustre and sponginess. In all animal charcoals, we discover traces of 
nitrogen, derived probably from the presence of paracyanogen, or of mel- 
lone ; they also contain the fixed saline and other bodies which existed in 
their respective sources. The charcoal obtained by the distillation of bone, 
is called hone-hlack and ivory-hlaek in commerce, and is mixed with a large 
proportion of phosphate of lime and other earthy salts contained in the 
bone, so that for some purposes it requires to be freed from these salts by 
digesting it in diluted hydrochloric acid, and then washing and drying it. 
The special properties of animal charcoal in reference to the destruction of 
odors and colors, have already been mentioned. They are due to its mole- 
cular state, and not to difference of composition, charcoal being essentially 
the same under all its various forms. Of the different kinds of charcoal 
used for decoloration, bone charcoal or ivory-black, is comparatively feeble, 
although it is superior to wood-charcoal. Its decolorizing properties are 
nearly doubled by washing it with diluted hydrochloric acid, to remove the 
mineral matter, and afterwards with water. For perfect decoloration, the 
charcoal finely powdered, should be allowed to remain for some hours in 
contact with the colored liquid, and in certain cases warmed. The charcoal 
employed, should contain no substances soluble in water or in alcohol. After 
a time, animal charcoal loses its efficacy, the surface being covered with the 
coloring matter and other impurities, but the property may be restored by 
reheating it in close cylinders. This renovation is a necessary process in 
large sugar-refineries. We have found that a sample of good animal char- 
coal contained only 18 per cent, of carbon, leaving as a residue after com- 
bustion, 82 per cent, of phosphate and carbonate of lime. 

Lamp-hlaclc is prepared principally by the combustion of refuse and resi- 
duary resin, left by the distillation of turpentine, as well as of the tarry oils 
obtained in the distillation of coal. These are burned in a furnace, so con- 
structed that the dense smoke arising from it may pass into chambers hung 
with old sacking, where the soot is deposited, and from time to time swept 
off and sold without any further preparation. When lamp-black has been 
thus procured and heated red-hot, it may be regarded as a pure form of 
charcoal, for it burns entirely away, and leaves no residuary ash, but, it is 
found to contain traces of oxygen and hydrogen. A pure form of lamp-black 
for chemical purposes, may be obtained by burning camphor, and receiving 
the carbon of the smoke in a saucer or basin. When washed with alcohol this 
is pure carbon. A substance analogous to lamp-black is obtained by passing 
the vapor of certain oils, and of hydrocarbonous compounds, through red-hot 
tubes ; at that high temperature they are more or less perfectly decomposed, 
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and deposit a quantity of impalpable charcoal, in which, however, as in lamp- 
black, traces of hydrogen may be detected. Pure lamp-black, as it is pro- 
cured from the carbonaceous smoke of the tarry oils from coal, is a very 
light flocculent substance. We found a sample of this carbon to yield only 
one per cent, of a white ash, whereas the substance ordinarily sold as lamp- 
black, yields an ash containing iron and silica, amounting to 9 per cent, of 
its weight. It is close and heavy, and appears to be a mixture of soot and 
finely powdered charcoal. One of the principal uses of lamp-black is in 
the manufacture of printers' ink. Spanish-black is the carbon of cork ; Vine- 
Mack, that which results from vine-tendrils, and Peach-hlack from peach ker- 
nels ; the two former have a brownish tint, and the latter a bluish tint. 
German or Frankfort-black, is said to be obtained by the carbonization of a 
mixture of grape and wine lees, peach kernels, and bone-shavings, and to be 
especially fit for copper-plate printing. 

Carbon and Oxygen. — Although a powerful affinity exists between these 
bodies, they have no tendency to combine at ordinary temperatures. Carbon 
as it exists in certain organic compounds, exposed to the conditions of decay 
or putrefaction, will, however, unite with the oxygen of the air to form car- 
bonic acid. Thus if damp and decaying woody fibre (sawdust) be kept in a 
closed vessel of air for some weeks, it will be found that the air will no 
longer support combustion, and that oxygen has been to a greater or less 
extent replaced by carbonic acid. It is probable that the union of carbon 
and oxygen here takes place as a result of evolution in the nascent state. 
When carbon is in a free state, it will not combine with oxygen below a red 
heat. 

Chemists have enumerated eight compoands of these elements, two of 
which are gaseous, and are well known under the name of — 1, Carbonic 
oxide (CO); and 2, Garbo7iic acid (00^). The other compounds are — 3, 
Oxalic acid (CgOg^SHO), a crystallizable vegetable acid, which will be de- 
scribed hereafter, and its derivative, 4, the Mes oxalic acid (CgO^). In addi- 
tion to these, there are four other compounds, possessing at present, but 
little chemical interest, and therefore requiring only a brief notice. These 
are only known in the hydrated or combined state. They are — 5, the WiO' 
dizonic acid (C^O^jSHO), so named from the red color of its salts. The 
rhodizonate of potassa is procured by digesting in water the compound of 
potassium and carbonic oxide, produced in the manufacture of potassium, 
or as a result of heating potassium in the gas. The acid may be procured 
from this salt ; it is a solid crystalline acid forming colored salts. 6, Oro- 
conic acid (CgO^jHO). Croconate of potassa is a product of the decompo- 
sition of the rhodizonate of potassa, when this salt is boiled in water ; the acid 
may be obtained from the solution of the croconate, by the addition of fluo- 
silicic acid. It is a solid crystalline substance, of a yellow color, whence its 
name. T, Mellitic acid {Qfi^.KO). This is obtained by a complex process, 
from a mineral known as mellilite (honeystone), a mellitate of alumina. It 
is a solid colorless acid, crystallizing in prisms, and yielding by dry distilla- 
tion, 8, Pyromellitic acid (C^Og) ; also a crystalline body, remarkable for its 
solubility in strong nitric and sulphuric acids, without change. 

Carbonic Oxide. Oxide of Carbon (CO) This gas was discovered by 

Priestley, but its real nature was first made known by Cruickshank, in 1802. 
It may be procured by gently heating oxalic acid with three times its weight 
of strong sulphuric acid, or a sufficient quantity of the acid to drench the 
crystals ; the mixture effervesces in consequence of the evolution of carbonic 
oxide and carbonic acid gases : the latter may be separated by a solution of 
potassa, and pure carbonic oxide will remain. If the experiment be performed 
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in a test-tube, the carbonic oxide may be burnt at the mouth of the tube. In 
this case the evolution of gases is caused by the abstraction of water from 
oxalic acid, which contains, in its anhydrous state, the elements of one 
atom of carbonic oxide and one atom of carbonic acid ; but these can only 
exist as oxalic acid when in union with water, or with a base. Crystallized 
oxalic acid is=C203,3HO, which acted upon by three atoms of oil of vitriol 
=3[S03,HO] become 3[S03,2HO]-f CO^+CO ; the hydrated sulphuric 
acid, darkened in color, remains in the retort. It may also be procured by 
heating, in an iron or earthen retort, a mixture of carbonate of lime (chalk) 
or baryta, with its weight of iron or zinc filings. The changes are as follows ; 
3BaO,CO,+2Fe=30O + 3BaO + FeA, and CaO,CO, + Zn==CO + CaO + 
ZnO. Chalk mixed with finely powdered charcoal, and heated to full red- 
ness, also yields this gas (CaO,C03+C==2CO + CaO). The first portions 
of gas being mixed with air, should be rejected. In all cases carbonic acid 
is also evolved ; this may be separated by causing the gases to traverse a 
strong solution of potassa, or a tube containing broken pumice soaked in 
potassa. Carbonic oxide is not very soluble in water ; hence it may be col- 
lected and preserved over water. The tests of its purity are that it should 
not give any precipitate with lime-water, or red fumes with deutoxide of ni- 
trogen. This gas is a product of the combustion of carbon when the latter 
element preponderates, or the supply of oxygen is inadequate to the pro- 
duction of carbonic acid. The lambent blue flame which sometimes plays 
upon a coke or charcoal fire, or is seen to issue from certain furnaces, is car- 
bonic oxide, produced by the passage of carbonic acid over red-hot charcoal, 
CO3+C being converted into 2C0. 

Properties. — The specific gravity of this gas compared to hydrogen is as 
14 to 1 ; and to atmospheric air as 0*9674 to 1*000 ; 100 cubic inches weigh 
29-96 grains. Carbonic oxide is a powerful narcotic poison. When breathed 
it is speedily fatal to animals : it produces before death giddiness and insen- 
sibility, followed by profound coma. There can be but little doubt that some 
of the noxious effects hitherto attributed to carbonic acid, have been due to 
the action of this gas. It is produced during the combustion of any form of 
carbon when this element is in excess, and it may escape through leaks in 
stoves or flues. Leblanc found that an atmosphere containing only 1-lOOth of 
carbonic oxide was as fatal to a bird as one containing l-26th part of car- 
bonic acid. Boussingault has lately made the discovery, that this gas, with 
light carburetted hydrogen, in the proportion together of 3 or 4 per cent., is 
eliminated by the green parts of vegetables under the influence of water, 
light, and heat. This may arise from the decomposition of carbonic acid in 
vegetation, not being so complete as it has been hitherto supposed to be. If 
this observation be confirmed, it will show that while vegetation aids in 
purifying the air, it leads to the evolution of small quantities of one of the 
most deadly gases known to chemists ; and differing from some other noxious 
gases in the fact that it cannot be recognized by its odor, or, in the small 
proportion in which it exists, by any other sensible properties. Aquatic 
plants and those growing in swampy places, evolve it in greater proportion 
than those growing on a dry soil {Cosmos, Nov. 22, 1861). Is this gaseous 
poison the secret cause of the unhealthiness of such localities ? 

Carbonic oxygen extinguishes flame and burns with a peculiar blue light 
when mixed with, or exposed to, atmospheric air. Thus, then, it is a com- 
bustible gas, but a non-supporter of combustion. When consumed in air it 
emits no odor, and there is no deposit of solid matter. Its volume is also 
unchanged ; each cubic inch of carbonic oxide being converted into a cubic 
inch of carbonic acid (C0 + 0=C02). Its conversion into carbonic acid by 
combustion, may be proved by adding lime-water to ajar of the gas while it 
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is in the act of burning. Sir H. Davy found tbat the temperature of an iron 
wire heated to dull redness was sufficient to inflame it. It has no taste, and 
little odor, and when pure, it occasions no precipitate in lime-water. If 
burned under a dry bell-glass of air or oxygen, no moisture whatever is de- 
posited, showing that it contains no hydrogen. 

Carbonic oxide suffers no change by being passed and repassed through a 
red-hot porcelain tube; it is not decomposed at high temperatures by phos- 
phorus, sulphur, nor even, according to the experiments of Saussure, by hy- 
drogen {Journal de Physique, Iv.), although it is stated, upon other authori- 
ties, that at high temperatures, hydrogen does decompose it. When one 
volume of carbonic oxide is detonated with one of protoxide of nitrogen, 
there result one volume of carbonic acid and one of nitrogen (00-j-NO== 
COg-f N). None of the metals exert any action upon this gas, except potas- 
sium and sodium, which, at a red heat, burn in it by abstracting its oxygen, 
and carbon is deposited. In the nascent state, it forms a solid compound 
with potassium, from which rhodizonic and croconic acids may be obtained 
(p. 244). It appears to combine with this metal at a temperature not ex- 
ceeding lt6°. At the melting-point of potassium the gas is absorbed, form- 
ing a black mass, which is spontaneously inflammable in air (Liebig). 

Carbonic oxide is one of the few compound gases which has not yet been 
liquefied by the most intense cold and pressure (p. 14). The gas is a per- 
fectly neutral oxide. If pure, it neither reddens nor turns green, the blue 
infusion of cabbage. Water dissolves about 6 per cent, of the gas by 
volume: it is not soluble in a strong solution of potassa. Berthelot found 
that the gas was slowly dissolved by hydrochloric acid, or by ammonia hold- 
ing in solution subchloride of copper. Carbonic oxide is a powerful deoxi- 
dizing agent, inasmuch as it always has a tendency, at a high temperature, 
to be converted into carbonic acid. It thus plays an important part in blast- 
furnaces in the smelting of iron. At a red heat, it converts the alkaline and 
alkaline-earthy sulphates to sulphides, CaO,S03+4CO=4C02-i-CaS. Le- 
,vol has recommended a solution of chloride of gold as a test for the gas, 
inasmuch as it reduces this metallic compound at common temperatures; 
but sulphurous acid has also this property. Oxalate of lime, for a similar 
reason, serves as a flux for the reduction of arsenious acid. When carbonic 
oxide is added in an equal volume, to a mixture of hydrogen and oxygen 
gases in explosive proportions, it prevents spongy platinum from causing 
detonation; but the gases slowly react upon each other, and form water and 
carbonic acid. 

Composition. — The composition of carbonic oxide is determined by the 
result of its combustion with oxygen, with which it forms carbonic acid. 
When two volumes of carbonic oxide and one of oxygen are acted on by the 
electric spark, detonation ensues, and two volumes of carbonic acid are pro- 
duced : hence it follows, that carbonic oxide is unchanged in volume by this 
conversion, and that it contains half as much oxygen, and the same quantity 
of carbon, as carbonic acid. Hence, assuming carbonic oxide to be a prot- 
oxide of carbon, it will consist of — 

Atoms. Weights. Per cent. Vols. Sp. Gr. 

Carbon . . . 1 ... 6 ... 42-85 ... 1 ... 0-4146 
Oxygen . . 1 ... 8 ... 57-15 ... i ... 0-5528 

1 14 100-00 1 0-9674 

The volume of carbon-vapor which has not been determined experiment- 
ally, is here assumed to be equal to that of hydrogen. As carbonic oxide 
has a sp. gr. of 0*96^, and it contains half its volume of oxygen, then '96*74 
— 0•5528(l•1057-^2)=0•4146, the hypothetical sp. gr. of carbon-vapor. 
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From this result, the percentage of carbon and oxygen contained in the gas, 
ma.y'be easily deduced ; for 0*9674 : 0"4146 : : 100 : 42*85 per cent, of carbon. 
The difference will represent the oxygen. Carbonic oxide has the sp. gr. 
and equivalent of nitrogen. 

Chloro carbonic Acid; Phosgene Gas {QO,Q\). — This gas maybe obtained 
by exposing to solar light a mixture of equal* volumes of chlorine and car- 
bonic oxide : hence its name (^u.^, light, ysj^j^atu, to produce). It is also formed 
by exposing the mixed gases to ordinary daylight, but several hours are 
required for the purpose. When perfectly excluded from light, the gases 
exert no mutual affinity. In the sunshine the mixture diminishes in bulk to 
one-half of its original volume, and forms a compound of a peculiar and pun- 
gent odor, but not disagreeable when considerably diluted. It reddens 
litmus, and is resolved by water into carbonic and hydrochloric acid gases. 
Alcohol and pyroxylic spirit absorb it, and form ethereal compounds. The 
specific gravity of chlorocarbori.ic acid to hydrogen is as 50 to 1, and to 
common air as 3*425 to 1. lii reference to the theory of substitutions this 
compound has been regarded as carbonic acid, in which 1 equivalent of oxy- 
gen has been replaced by 1 of chlorine. 

Carbonic Acid. Fixed Air ; Aerial Acid (COg), — This compound was 
first described by Dr. Black, in 1757, under the name of fixed air, a name 
which it derives from its being a constituent of limestone. Its composition 
was first determined by Lavoisier. It is produced by burning carbon, either 
pure charcoal, graphite, or the diamond, in oxygen gas; the oxygen, in thus 
becoming converted into carbonic acid gas, suffers no change of volume. 
When charcoal is burned in a jar of oxygen gas the phenomena of combus- 
tion depend upon the nature of the charcoal, which, if well made, and of a 
dense wood, glows with intense heat without flame, and gradually disap- 
pears ; but if of a lighter wood, and especially if covered with portions of 
the bark, it throws off jets of brilliant sparks. These scintillations are espe- 
cially brilliant and beautiful, when a small, piece of the charred bark of oak 
or elm is used ; it should be attached to a copper wire, and introduced into 
a sufficiently capacious air-jar filled with pure oxygen ; the combustion may 
thus be made to last for some minutes. If only the quiet combustion of 
charcoal is required for the purpose of showing the conversion of oxygen 
into carbonic acid, the best kind of carbon which can be used for this pur- 
pose is that obtained from box, lignum vitse, or other hard and dense woods. 

Carbonic acid is, like sulphurous acid, an anhydrous oxacid gas, having 
less affinity for bases than sulphurous acid, so that it may be expelled from 
the dry alkaline carbonates by means of this gas. It is a natural constituent 
of the atmosphere, of which it forms from ^oW^^ ^^ 2 sVo^^ P^^'^ : it is a 
result of the decomposition of animal and vegetable substances, and is the 
chief gaseous product of combustion, respiration, and the vinous fermenta- 
tion. 

Preparation Carbonic acid constitutes about half the weight of carbonate 

of lime or marble. It is readily procured by adding to one part of broken 
marble one part of hydrochloric acid diluted with three parts of water. The 
gas is instantly evolved, producing the phenomenon known as effervescence 
(CaO,C02+HCl=C03-f OaOl+HO). A flask or retort may be used in 
the experiment. The gas should not be collected until a few bubbles of it, 
thrown into ajar containing deutoxide of nitrogen, cease to produce ruddy 
fumes. It may be collected in a water-bath, although, owing to the solu- 
bility of the gas in water, there is considerable loss. One grain of pure 
mariile will give nearly a cubic inch of the gas. 

Properties. — This gas is colorless, of a slightly sour taste, and much heavier 
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than atmospheric air, its specific gravity being about 1 '52. Compared with 
hydrogen, its sp.gr. is as 22 to 1. 100 cubic inches weigh 41'08'7 grs. at 
mean temperature and pressure. When so far diluted with air as to admit 
of being received into the lungs, carbonic acid operates as a narcotic poison, 
producing drowsiness, entire loss of muscular power, rapidly followed by 
insensibility and coma. When the gas is respired in the lowest poisonous 
proportion, the symptoms come on very gradually, and the transition from 
life to death is usually tranquil. This gas is the fatal choice-damp of coal 
mines. It is a product of the combustion of light carburetted hydrogen 
(fire-damp), and is the common cause of death to miners who are not at once 
killed by the explosion. 

It is not combustible, and, immediately extinguishes other bodies which 
are in a state of combustion. This may be proved by successively intro- 
ducing into a jar of the gas a burning taper, a piece of ignited camphor, 
and a large flame of ether, on cotton or tow. The flames of these substances 
are instantly extinguished. We have found that a candle will burn in mix- 
tures of carbonic acid and air until the proportion of the gas reaches 20 per 
cent. ; but such mixtures would be noxious to respire : hence, although the 
extinction of a candle in wells or cellars is a proof of danger, the fact that 
it continues to burn must not be regarded as an indication of safety. We 
have also found that the presence of a large proportion of oxygen completely 
counteracts this effect of carbonic acid. In a mixture of equal parts of oxy- 
gen and carbonic acid a taper burns as brilliantly as in oxygen ; and the 
'presence of carbonic acid would not be suspected in the mixture but for the 
effect produced by the addition of lime-water and other tests. Carbonic 
acid cannot, however, replace nitrogen in air. When it forms four-fifths of 
the mixture, combustion is no longer supported, and animals are killed. 

This gas possesses well-marked acid properties. If blue infusion of 
litmus is added to a jar of the gas, it is speedily reddened. If the red liquid 
is boiled, the blue color will be restored, thus showing that the reaction 
depended on a gaseous acid. If to jars of the gas, solutions of lime, 
baryta, or subacetate of lead, be separately added, dense white precipitates 
of the respective carbonates of these bases, will be produced. Lime-water 
is the usual test for this gas, but a solution of the subacetate of lead is more 
delicate in its reaction. Lime-water will be found to be alkaline to test- 
paper before pouring it into the gas, but it will entirely lose its alkalinity 
afterwards. Air containing one per cent, of carbonic acid produces a 
milkiness in lime-water, hence in an atmosphere containing a noxious 
proportion of carbonic acid, lime-water is instantly rendered turbid, even by 
a small portion of the air collected in a bottle. If the precipitated carbonate 
of lime be transferred to another jar of carbonic acid, it will be found after 
a time to be re-dissolved. Carbonic acid is absorbed by alkalies. If a 
saturated solution of potassa is put into a jar of the gas, and well shaken, 
the plate-glass cover of the jar is fixed as if by a vacuum. On removing 
the cover and introducing a lighted taper, this will be found to burn as in 
air. Introduce into a wide jar, containing carbonic acid, some solid 
hydrate of potassa with a small quantity of water. Cover quickly the 
mouth of the vessel with a stout layer of caoutchouc, and then agitate the 
liquid. As the carbonic acid is absorbed by the dissolved potassa, the 
atmospheric pressure forces down the elastic caoutchouc cover, just as in a 
vessel exposed to the vacuum of an air-pump. The most perfect vacua 
known, are now produced by gently heating hydrate of potassa in tubes 
filled with pure carbonic acid, hermetically sealed. 

Solution. — Water takes up its own volume of the gas at common tempera- 
ture and pressure, and acquires a slight increase of specific gravity (about 
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1*0018). Under increased pressure a much larger quantity is absorbed. 
Thus, water may be made to take up five or six times its volume by pressure. 
It then becomes brisk and tart, and reddens vegetable blues. If litmus- 
paper, thus reddened, be exposed to the air, the blue color returns as the 
acid evaporates. By freezing, boiling, or exposure to the vacuum of an air- 
pump, the gas is given off, and it gradually makes its escape when exposed 
to air, collecting in small bubbles upon the sides of the containing vessel, 
and passing off with especial rapidity when any foreign substances are 
thrown in, or when any substance is dissolved in the water; thus it is, that 
sugar added to soda-water, cider, champagne, or other similar carbonated 
liquors, occasions in them an immediate and abundant effervescence. The 
effervescent qualities of many mineral waters, as well as of fermented liquids, 
are referable to the presence of this gas. Artificially aerated waters are 
prepared on a large scale by condensing carbonic acid under pressure, into 
water holding dissolved alkaline or saline substances. Carbonic acid may be 
thus made to dissolve lime, magnesia, and the protoxide of iron. A solution 
of carbonic acid in water, precipitates lime-water, but re-dissolves the 
precipitate when added in larger quantity. 

Carbonic acid forms no hydrate with water ; and when liquefied, or 
solidified by cold, it will not combine with water. Some English chemists 
have given to it the name of Carbonic anhydride. As this term is applied 
to acids which are capable of forming definite hydrates with water, in order 
to distinguish the anhydrous from the hydrated state, it is singularly inappro- 
priate to apply it to an acid which forms no hydrate whatever. The words, 
too, imply, not the absence of water, but the absence of hydrogen. Nitrogen 
and carbonic oxide would, in either point of view, have an equal claim to be 
called anhydrides. Long established usage has fixed the name of carbonic 
acid in chemical nomenclature, and no sufficient reason has been adduced for 
the adoption of this innovation. 

As all common combustibles, such as coal, wood, oil, wax, and tallow, 
contain carbon as one of their component parts, so the combustion of these 
bodies is always attended by the production of carbonic acid. Float a lighted 
taper, fixed in a cork, on lime-water, contained in a glass dish ; and invert 
over the taper, a bell-glass of air or oxygen. After a time, the taper will be 
extinguished, and the surface of the lime-water will be covered with a white 
film of carbonate of lime. Hold a large jar so that its mouth shall be 
slightly above a jet of burning gas, or the flame of a spirit-lamp. After a 
few minutes, remove it, and pour lime-water into the jar. This will be 
rendered milky by the carbonic acid which has resulted from combustion. 

This gas is also produced by respiratioii ; hence it is detected, often in 
considerable proportion, in crowded and illuminated rooms which are ill- 
ventilated. The symptoms produced by the respiration of such a con- 
taminated atmosphere, are difficulty of breathing, giddiness, and fain tn ess. 
Its expiration from the lungs is easily shown, by blowing the expired air 
through lime-water by means of a small tube ; the liquid becomes milky, and 
soon deposits carbonate of lime The same fact is also strikingly shown by 
allowing expired air to pass into a solution of chloride of lime, colored blue 
by litmus. The color is soon destroyed by the carbonic acid discharged 
from the lungs decomposing the chloride, and setting free chlorine. An 
apparatus has been contrived, by which the air inspired, is made to traverse 
lime-water without producing any change in it, while the air expired 
through the same liquid, produces carbonate of lime. If lime-water is 
placed in a large jar, and the air of the jar is breathed two or three times, 
taking care that the air, as it is expired, is returned into the jar, the lime- 
water, which was unaffected by the air contained in the vessel, will be 
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rendered milky from the production of carbonate of lime. Inspired air 
contains only l-2000th part of carbonic acid, but expired air contains (on 
the assumption that 3 per cent, only are present) sixty times as much 
carbonic acid, or l-33d part by volume. Dr. Prout assigns the proportion 
of carbonic acid in expired air at from 3*3 to 4*1 per cent., and the average 
at 3*43 per cent. It varies at different periods of the day, according to the 
state of health, and other conditions. On this estimate, however, 16 cubic 
inches, representing 4 grains of solid carbon, are thrown out of the lungs of 
an adult every minute — a quantity amounting to about 12 ounces of carbon 
in 24 hours I According to Dr. Brinton {Food and its Digestion), the car- 
bonic acid daily given off from the adult healthy body may be estimated at 
IT cubic feet, or about two pounds in weight. Allowing that half a cubic 
foot (about an ounce) is eliminated through the skin, the remainder is ex- 
haled from the lungs. The quantity of carbon or charcoal by weight, to 
v\rhich this amount of carbonic acid would correspond, is nine ounces. In 
making this estimate Dr. Brinton assumes 1 -2500th part of carbonic acid as 
the proportion present in inspired^ and l-25th part as the proportion con- 
tained in expired air. 

Carbonic acid retards the putrefaction of animal substances. It favors 
the growth and development of vegetables in air and water. Most plants 
thrive in an atmosphere containing as much as a tenth or twelfth part of 
carbonic acid ; and under certain circumstances they decompose it, and 
evolve oxygen. 

At high temperatures, carbonic acid is decomposed by carbon and several 
of the metals, and is converted into carbonic oxide. The influence of ignited 
carbon in effecting this decomposition is seen in an ordinary coal-fire. The 
oxygen of the air in passing between the bars below, produces carbonic 
acid : and this is deoxidized by the red-hot coke (C03+C=2CO), the car- 
bonic oxide thus produced, burning at the top of the fire with a flickering 
blue flame. Potassium and sodium, when heated intensely, burn in the gas, 
and are converted into potassa and soda, whilst the carbon of the gas is 
separated in the form of charcoal. There are some other substances which, 
at high temperatures, are capable of decomposing carbonic acid, and ab- 
stracting part of its oxygen ; thus, if a mixture of 2 parts of hydrogen and 
1 of carbonic acid by volume, be passed through a red-hot tube, water and 
carbonic oxide, with the excess of hydrogen, escape. 

Carbonic acid is not affected by heat alone ; it may be passed through a 
red-hot porcelain tube unchanged; but it is partially converted by a succes- 
sion of electric sparks into carbonic oxide and oxygen. It is worthy of 
remark, as illustrative of the variable effects of the electric spark, that by 
means of it, a mixture of carbonic oxide and oxygen may be suddenly con- 
verted into carbonic acid. Iron, zinc, and manganese, at a high temperature, 
deprive the gas of half of its oxygen, and convert it into carbonic oxide. 

Equivalent and Tests. — The equivalent or atomic weight of carbonic acid 
is 22, and its volume-equivalent is 1. The tests for its presence are— 1, the 
extinction of a burning taper ; 2, the production of a milky precipitate of 
carbonate of lime, when lime-water is added to a jar containing the gas ; 
3, entire absorption and removal by potassa. For this purpose, the carbonic 
acid should be collected in a tube over mercury, and some portions of solid 
potassa, with a small quantity of water, introduced. The carbonic acid 
slowly disappears, and if the gas be pure, there will be no residue. A 
strong solution of potassa, or portions of alkali, moistened, and placed in an 
appropriate apparatus, previously balanced, will separate carbonic acid from 
most neutral gases ; and by the increase in the weight of the potassa, a 
chemist will be enabled to determine the weight or volume of carbonic acid 
present. 
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Composition. — As oxygen, in being converted into carbonic acid by the 
combustion of carbon, undergoes no change of volume, it is evident that 
the weight of carbon present must be equal to the difference between the 
specific gravities of carbonic acid and oxygen ==0-4 145 (1*5202 — 1-105'7). 
Assuming that this represents one volume of carbon- vapor, then the weight 
of carbon in 100 parts of carbonic acid is equal to 21*22 (1*520 : 0*4145 : : 
100 : 21-22), and the oxygen will be, 12*18. These elements are obviously 
in the proportions of 3 to 8, or 6 to 16, as found by Stas and Dumas in the 
burning of pure carbon in oxygen, and in taking directly the weight of the 
resulting carbonic acid. The composition of this gas will therefore stand as 
follows : — 

Atoms. Weights. Per cent. Vols. Sp. Gr. 

Carbon . . . 1 ... 6 ... 27-22 ... 1 ... 0-4145 
Oxygen . . 2 ... 16 ... 72-78 ... 1 ... 1-1057 

1 22 100-00 1 1-5202 

As the weight of carbon is added to that of the oxygen without altering 
its bulk, this gas is very heavy ; hence it accumulates temporarily in wells, 
cellars, or other excavations in the soil ; but unless constantly produced, it 
will soon disappear by the law of diffusion (p. 19). The following experi- 
ments will serve to prove how much denser it is than air. Balance a glass 
shade in a scale pan, allow a current of carbonic acid gas to pass into it from 
a bottle, taking care that the tube conveying the gas reaches nearly to the 
bottom of the shade. It will collect and displace the air, and the shade will 
now preponderate by reason of the greater weight of the gas. A lighted 
taper lowered within the shade is extinguished. Dry nitre paper ignited, 
will also be extinguished when introduced, but the smoke produced as a 
result of its combustion will float upon the stratum of carbonic acid. A 
soap-bubble, or a small collodion balloon of air, will also float upon the gas. 
If a small jar or glass-beaker is lowered into the shade, it will, in a few min- 
utes, be filled (by displacement) with carbonic acid, which may be removed 
to a distance and tested by a lighted taper, as well as by lime-water. Re- 
move the covers from two small jars containing the gas, taking care that one 
is placed with its mouth upwards and the other with its mouth downwards. 
After a few minutes, a lighted taper may be applied to the two. It will be 
found that the gas has fallen out of the jar with its mouth downwards, and 
that the taper will burn brightly in it ; whereas it will be immediately ex- 
tinguished in the other jar, and will not entirely escape from it for a quarter 
of an hour, or longer. Smoke produced by the combustion of nitre-paper 
at the mouth of the jar, will float like a cloud upon it. The falling of the 
gas from one vessel to another may be easily demonstrated by allowing a 
taper to burn at the bottom of a jar of air, and then gradually inverting 
over it another jar containing carbonic acid : the taper will be extinguished 
in the jar which contained air, while in that which contained the carbonic 
acid it will now continue to burn. This experiment may be varied by placing 
three lighted tapers at different levels in a glass basin about eight inches 
wide, and five or six inches deep. If a large jar of carbonic acid is brought 
over the mouth of the basin, at the part corresponding to the lowest taper, 
and the cover gradually raised, the gas will fall through the air in the basin, 
and as it rises it will successively extinguish the three tapers. The G-rotta 
del Cane, near Naples, is an excavation on the side of a hill, in which carbonic 
acid collects, owing to the basin-like form of the floor of the grotto. The 
gas is always issuing from fissures in the soil, and thus the accumulation goes 
on faster than the diffusion. Dogs are asphyxiated by being held within 
the stratum of gas, which rises to about the height of the knee. On gra- 
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dually lowering burning straw and pbospborus in this grotto, we found that 
the level of the gas was accurately determined by the extinction of the flame 
and the floating of the smoke. These well-known facts regarding the specific 
gravity of carbonic acid, have led to the erroneous supposition that, under 
all circumstances, the gas will accumulate, and remain on the fl.oor or soil. 
The law of diffusion, however, prevents such accumulation, unless there is 
a constant source from which the gas can proceed. 

Liquid and solid Carbonic Acid. — Carbonic acid may be liquefied by 
great pressure, aided by a low temperature (page '74). It is usually liquefied 
by its own pressure — ^, e., by liberating it in a wrought-iron vessel, the 
capacity of which is very small compared with the amount of gas w^hich can 
be set free by the action of an acid on bicarbonate of soda. It may be 
liquefied by mere cooling to 106° without pressure. The liquid is colorless, 
very soluble in alcohol, ether, and essential oils. It will not mix or combine 
with water, but floats on that liquid. It does not redden solid extracts of 
litmus. It dissolves camphor and iodine. Although it has no solvent action 
on gutta percha or caoutchouc, it penetrates into these substances, and whitens 
them. It is a strong insulator of electricity, and is deoxidized only by the 
alkaline metals. (Grore, Proc. JR. S., 1861, 'No. 43, page 85.) 

By allowing liquefied carbonic acid to escape through a perforated metallic 
box, the .cold produced is so intense that a portion of the gas is solidified, 
and presents the appearance of a snowy-looking mass. Solid carbonic acid 
has a temperature of at least 100° below zero, but it is surrounded in the air 
with a gaseous atmosphere, which prevents immediate contact with bodies, 
and it rapidly disappears as gas, when exposed. This solid acid may be 
borne in the hand without any particular sensation of coldness or pain ; but 
when mixed with ether, it produces an intense degree of cold, which would 
destroy at once the vitality of any part of the body with which it was in 
contact. A small portion placed on stout plate-glass produced no effect 
until ether was poured upon it, when, owing to the intense cold suddenly 
produced, the glass was broken to pieces. A sheet of paper was folded so 
as to make a long trough, or cavity, into which liquid mercury was poured ; 
the metal was then covered with solid carbonic acid, and ether was poured 
upon it. The mercury was instantly frozen into along bar of metal, the. 
temperature of the air being at the time above 60°. Medals of mercury 
have thus been made, and preserved for some time in the cold bath of car- 
bonic acid and ether. Gases may be liquefied and solidified by means of this 
bath. In vacuo the cold produced by it has been calculated by Faraday 
to reach to — 166°, or 198° below the freezing-point of water. 

Carbonates. — These salts are represented by the formula M0,C03, and the 
bicarbonates by MO,2C02. Among the alkaline carbonates those of potassa, 
soda, ammonia, and lithia, are alone soluble in water, and have an alkaline 
reaction. Those of lime, magnesia, protoxide of iron, and manganese, are 
dissolved by water containing much carbonic acid. A soluble carbonate gives 
a white precipitate with the solutions of lime, or baryta, or with their salts. 
This precipitate is dissolved with effervescence (escape of carbonic acid) by 
the acetic and other acids. The precipitate given by sulphate of magnesia 
is soluble in hydrochlorate of ammonia, containing free ammonia; that given 
by lime is not. A soluble bicarbonate gives no precipitate with sulphate of 
magnesia, and a yellowish (becoming slowly a red) precipitate, with a solu- 
tion of corrosive sublimate. This test at once precipitates a soluble car- 
bonate, excepting that of lithia, of a deep-red color. A solution of a car- 
bonate added to a strong acid, effervesces strongly. Insoluble carbonates 
are identified by their dissolving with effervescence in nitric acid. The gas 
which escapes is invisible, and without smell. It precipitates lime-water. 
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CHAPTER XX. 

CARBON. COMPOUNDS OF CARBON WITH HYDROGEN, 
NITROGEN, CHLORINE, AND SULPHUR. 

Carbon and Hydrogen. — These elements unite in several proportions, 
forming gaseous, liquid, and solid compounds, among which it is sometimes 
difficult to distinguish those which ought to be considered as definite, from 
others which are mere mixtures. These compounds are generally termed 
hydrocarbons, or carho-hydrogeks. Amongst them are some striking illustra- 
tions of that species of isomerjsm, which has been called jooZ^mmsm (page 
19) — that is, of compounds differing, often essentially, in their physical or 
chemical properties, or both, and yet apparently produced by the union of 
the same elements in similar proportions. Among these compounds, may be 
mentioned the oils of lemon, turpentine, juniper, and savin ; naphtha, naph- 
thaline, and benzole ; all remarkable for their inflammability and their com- 
bustion with a yellowish-white smoky flame. As these hydrocarbons are of 
a complex nature, and are for the most part educts, or products, of organic 
substances, they will be the subject of consideration hereafter. The three 
which now require notice are, the light carburetted hydrogen, CH^, olefiant 
gas, CaHa, and oil gas, C^H^. 

Light Carburetted Hydrogen (CH^). — Blarsh-gas. Fire-damp. — . 
This gas is considered to be diffused in very small proportion in the atmo- 
sphere. It is the well-known Fire-damp of coal-mines, rushing out occa- 
sionally in enormous quantities in '' blowers'' from seams of coal, owing to its 
being probably contained in the strata under high pressure. It derives its 
synonym of marsh-gas from the fact that it is formed in stagnant pools in 
hot weather, during the spontaneous decomposition of vegetable matter. It 
may be procured by stirring the mud, and collecting the gas as it rises in 
bubbles, in a glass-jar filled with water and inverted. In this state it is 
mixed with nitrogen and carbonic acid ; the latter may be separated by 
washing the gas in lime-water or in a solution of caustic potassa. The gas 
procured from a Mower in a coal mine, after having been washed with lime- 
water, furnishes this compound in a pure state. It may also be obtained by 
the decomposition of certain acetates, when heated in a retort with an excess 
of alkali. Dumas recommends for this purpose 40 parts of crystallized 
acetate of soda, 40 of caustic potassa, and 60 of powdered quick-lime. They 
should be strongly mixed and well heated, the use of the lime being to pre- 
vent the action of the alkali upon the glass. At a heat approaching to dull 
redness, the gas is abundantly evolved, and may be collected over water ; 
the action, is determined by the affinity of the alkaline bases for carbonic acid, 
and the instability of the acetic acid at high temperatures ; an atom of 
acetic acid and an atom of water produce carbonic acid, which combines 
with the soda and potassa ; while light carburetted hydrogen passes off ; 
(C^HgO.-fHO) yielding 2C0„ and 2CH,. 

Proper^^'es.— The specific gravity of this gas is 0*552, and compared with 
hydrogen it is as 8 to 1. 100 cubic inches weigh 17*12 grains. It is a color- 
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less gas. Its refractive power is 2'09Y, air being 1*000. When breathed 
in a pure state, it is fatal to life, but it is not very noxious when mixed with 
air, even when it forms from 8 to 10 per cent, of the mixture. It is sparingly 
soluble in water, and is not dissolved by fuming sulphuric acid. It does not 
support combustion, but is inflammable, burning with a pale yellowish flame, 
and producing carbonic acid and water CHg-f 04=C03-h2HO ; it has, 
when quite pure, neither odor nor taste. It is not decomposed by the elec- 
tric spark ; but when passed through a white-hot tube, it deposits a portion 
of its carbon, CHy==0 + H3. When chlorine is mixed with the pure gas, 
there is no immediate action ; but when 1 volume of the gas and 3 of chlo- 
rine are mixed and exposed to diffused light, a violent explosion soon ensues, 
hydrochloric acid is formed, and carbon is deposited. One volume of the 
gas with two volumes of chlorine, produce the strongest effect (CH^+^Cl 
=2HCl + 0), and the combination is immediately effected by the electric 
spark. When the gas is previously mixed with its volume of carbonic acid, 
the chlorine may be added without danger. If exposed to light, carbonic 
acid is produced, and an oily liquid is deposited, which is chiefly bichloride 
of carbon (C,Cl2). In the dark, there is no combination. When the gas 
is passed with chlorine through a red-hot tube, carbon is deposited, and 
hydrochloric acid is formed. When mixed with twice its volume of oxygen, 
and the mixture is detonated, it produces its volume of carbonic acid, and 
water is at the same time condensed. From these results, its constitution 
may be determined. One volume of oxygen is contained in each volume of 
carbonic acid ; and as two volumes are required for the perfect combustion 
of the gas, the other volume of oxygen must combine with two volumes of 
hydrogen to form water, or 

CH^ + 0, = CO2 -f 2 HO 

1 vol. 2 vols. 1 vol. 2 vols. 

hence one volume of carbon-vapor and two volumes of hydrogen must be 
contained in each volume of the light carburetted hydrogen. Its specific 
gravity is in accordance with this constitution : — 

Atoms. Weights, Per cent. Vols. Sp. Gr. 

Carbon . . . 1 ... 6 ... 75 ... 1 ... 0-4146 
Hydrogen . . . 2 ... 2 ... 25 ... 2 ... 0-1382 

1 8 100 1 0-5528 

The ascertained specific gravity is very nearly in accordance with this 
view, being 0*556. 

The production of the gas in marshy localities, is owing to the decay of 
vegetable matter, and the decomposition of woody fibre, in contact with the 
elements of water. The water simply furnishes hydrogen and oxygen to the 
carbon of the decaying vegetables. 

Goal Gas. — Gas procured by the distillation of bituminous coal in iron 
retorts, when it has undergone purification, consists chiefly of light carbu- 
retted hydrogen. 100 parts of coal, distilled at a high temperature, yield the 
following solid, liquid, and gaseous products by weight: — 

defiant gas . . . 0-78 
Sulphuretted hydrogen .. 0-75 
Hydrogen . . . .0-50 
Ammonia . . . .0-17 
Nitrogen . . . .0-03 
(Bdnsen and Playfair). 

One pound of cannel coal will yield four and a half cubic feet of gas. The 
carbonic acid is removed from the gaseous mixture by passing it through 
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lime, and the sulphuretted hydrogen by causing it to traverse beds of hy- 
drated oxide of iron and sawdust (page 212), and the ammonia by water. 
The purified coal gas, thus obtained, when not over-heated, was found to consist 
in 100 parts of 82*5 parts of light carburetted hydrogen and 13 of olefiant 
gas, with 3 '2 parts of carbonic oxide and 0*3 of nitrogen. Its sp. gr. was 
0-65. These were the proportions in the early stage of the process. The 
gaseous mixture collected after five hours' working, when the tubes had be- 
come strongly heated, contained a larger proportion of free hydrogen, de- 
rived from the decomposition of the light carburetted hydrogen. It then 
consisted in 100 parts, of 56 parts of light carburetted hydrogen and 1 of 
olefiant gas, 11 of carbonic oxide, to T of nitrogen and 21-3 of hydrogen. 
Its sp. gr. was 0*50. After ten hours' distillation, the olefiant gas had en- 
tirely disappeared- — the light carburetted hydrogen amounted to only 20 
parts, carbonic oxide 10, nitrogen 10, and hydrogen 60, the sp. gr, being as 
low as 0*345. (Mitscherlich.) The constitution of the coal gas varies, 
therefore, greatly with the temperature of distillation. 

Coal gas is colorless, and has commonly a strong odor of naphtha vapor. 
A taper plunged to the bottom of a jar containing it, is extinguished; but 
the gas burns, where it meets with air, with a yellowish flame. Aqueous 
vapor is condensed on the sides of the jar, and carbonic acid may be proved 
to be a product of its combustion, by pouring lime-water into the jar, while 
the gas is burning; or by holding the mouth of a clean jar of air over a jet 
of gas in combustion, and then adding lime-water ; the presence of carbonic 
acid will be indicated by a white precipitate. This gas may be kindled in 
air by a full red heat without flame. Apply a red-hot bar of iron to ajar of 
the gas, or to a current of gas, as it issues from a jet, and it will be found 
that the iron, although visibly red, wnll not inflame the gas unless the metal 
is heated to bright redness. If fine platinum wire is made red-hot in a gas- 
flame, as it is burnt with air from a wire-gauze burner, and the flame is sud- 
denly extinguished, the wire will continue to glow in the current of unignited 
gas, causing the slow combustion of the gas and air without inflaming the 
mixture, until some portions of the wire acquire a w4iite heat: the mixture is 
then suddenly kindled with a slight explosion. This gas is so light that the 
series of experiments described under hydrogen (page 110) may be readily 
performed with it. A jar of the gas may be removed from the v^ater-bath, 
with its mouth downwards, without a cover, to a distance, and there ignited. 
It rapidly escapes from jars which are open with their mouths upwards. A 
jar of air held over a jar of the gas, suddenly uncovered, will thus receive it 
in the act of ascending. The contents may be exploded, while the jar which 
originally contained the gas, will contain air. Nitre-paper burnt at the 
mouth of an inverted jar of the gas will produce smoke, which will remain at 
the lowest level, the gas floating on the top of it. A jar opened under a 
balanced shade, inverted, will cause the opposite scale to preponderate, the 
air being displaced by the light gas which rises to the upper part of the 
shade. Soap-bubbles blown with this gas will ascend in air, and balloons of 
goldbeater's skin filled with it acquire great buoyancy, thus illustrating the 
principles of aerostation. As this gas is only half the weight of air, and only 
one-third the weight when partially decomposed by over-heating, it is now 
exclusively employed for the purposes of aerostation — the larger size of the 
balloon compensating for the higher specific gravity of the gas compared 
with hydrogen. Coal gas should have no acid reaction on infusion of blue 
litmus. If it contains sulphuretted hydrogen, it will give a brown discolora- 
tion to paper wetted with a salt of lead : if ammonia be present, this will be 
indicated by its restoring the color of faintly reddened litmus-paper. When 
these impurities coexist, the gas will give a bluish or pinkish red color to a 
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solution of nitro-prusside of sodium. In spite of all ordinary methods of 
purification, coal gas, in burning, evolves an acid vapor, which is found to 
be sulphurous acid. This proceeds from a minute portion of sulphide of 
carbon vapor, which the common purifiers do not remove. 

Tlie illuminating power of coal gas is increased by saturating it with coal 
naphtha. The gas is simply passed through a box in which the vapor of 
naphtha is diffused, and it is speedily saturated with it. 

In reference to explosions in coal-mines, two important chemical questions 
present themselves for consideration — 1st, the proportion per cent, of light 
carburetted hydrogen, which forms the most dangerous explosive mixture 
with air ; and 2d, the temperature at which such a mixture is liable to be 
kindled. It is here assumed that the gas is pure, and that it contains no 
admixture of olefiant gas or carbonic oxide. In the experiments which 
Davy performed on this subject, he found that the greatest explosive power 
was manifested when the gas was in the proportion of one volume to seven 
or eight volumes of air, or when it formed from 12 to 14 per cent, of the 
mixture. As two volumes of oxygen are theoretically required, and these 
correspond to ten volumes of air, it will be seen that the maximum explosive 
effect takes place with a smaller proportion of oxygen than theory indicates. 
When the gas was in the proportion of 20 per cent, of the mixture, there 
was combustion without explosion. When it amounted to rather less than 
t per cent., there was no explosion, but an enlargement of the flame of a 
candle ; and this enlargement, but a diminishing ratio, was observed in 
mixtures gradually reduced to 3 or 4 per cent, of the gas. From these 
results, which have been since confirmed by the observations of others, it is 
obvious that long before the point of danger is reached, a warning is given 
by an elongation of the flame of a lamp or candle. 

As to the temperature required for the explosion of a mixture of tire- 
damp and air, Davy observed that well-burned charcoal, ignited to the 
strongest red heat, did not explode any mixture of air and of the fire-damp ; 
and a fire made of well-burned charcoal, i. e., charcoal that burned without 
flame, was blown up to full redness by an explosive mixture containing the 
fire-damp, without producing its inflammation. An iron rod at the highest 
degree of red-heat, and even at the common degree of white-heat, did not 
inflame explosive mixtures of fire-damp ; but, when in brilliant combustion, 
it produced this effect. Flame of any kind exploded a mixture of fire-damp 
and air. In reference to combustibility, therefore, this compound differs 
from the other common inflammable gases. Davy found that olefiant gas 
which explodes when mixed in the same proportion with air, is fired by 
both charcoal and iron heated to redness. Carbonic oxide, which explodes 
when mixed with two parts of air, is likewise inflamed by red-hot iron and 
charcoal ; and hydrogen, which explodes when mixed with three-sevenths 
of its volume of air, takes fire at the lowest visible heat of iron and charcoal ; 
this also occurs with a mixture of air and sulphuretted hydrogen. 

The safety-lamp contrived by Davy for the prevention of accidents by 
explosion in coal-mines, consists of a cylinder of metallic wire-gauze con- 
taining from TOO to 900 meshes in the square inch. This presents a large 
metallic surface favorable for the cooling of flame, and of reducing its 
temperature below that required for kindling explosive mixtures. The 
principle of its operation may be illustrated by various experiments. Flame 
is nothing more than gaseous or vaporous matter, heated to a very high 
temperature, and requiring a high temperature for its continuance. {See 
page 9T.) The following experiments will serve as illustrations: Place 
a lump of camphor on a sheet of wire-gauze like that which is used for the 
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safety-lamp. The camphor may be inflamed from beneath, • and it will 
there be consumed, but the inflammable vapor of the camphor will not be 
ignited above the gauze— the heat conducted by the metal having lowered 
the temperature far below that required for its combustion. A piece of 
tow soaked in ether or alcohol may be substituted for the camphor with 
like results. There will be no ignition of the vapor of either liquid above 
the gauze, while it will burn readily below. Into a small cylinder of wire- 
gauze (closed at the bottom with a layer of gauze, but open at the top) 
throw a mass of tow soaked in alcohol and inflamed. The cylinder may 
now be placed in a saucer containing alcohol. The whole of the spirit will 
be drawn in and consumed within the cylinder ; but there will be no inflam- 
mation of that which is on the outside. Let the same cylinder be fitted, 
closely to a wire-stand supporting a wax taper, so that when the taper is 
kindled, it may be completely inclosed by the gauze-cylinder. If a jar of 
hydrogen or coal-gas, or a mixture of either with air, be brought over the 
cylinder inverted, and very gradually lowered, the inflammable gas will 
traverse the gauze and burn with flame, but without explosion, in the 
interior of the cylinder, and there will be no kindling of the explosive 
mixture on the outside of the cylinder. In this manner the whole of the 
inflammable gas may be consumed without being inflamed in the jar ; where- 
as, if any such mixtures were brought over the lighted taper, not covered 
by the gauze-cylinder, there would be instantaneous inflammation and ex- 
plosion. 

The safety-lamp consists of an ordinary oil-lamp, to which a gauze- 
cylinder is so secured as to allow of combustion only by the air which 
traverses the meshes of the gauze. As a test of the efficacy of the lamp, it 
may be lighted and suspended within a large gas-jar, to the bottom of 
which, a current of coal-gas is conducted by a vulcanized rubber tube. The 
effects produced by mixtures of coal-gas and air, in various proportions, can 
thus be observed. If there is a deficiency of oxygen, the lamp will be 
extinguished ; if the quantity of gas is in very small proportion, combustion 
will be continued with an elongated flame. In explosive proportions, the 
mixture will penetrate the lamp and burn in the interior of the gauze- 
cylinder, temporarily extinguishing the flame. If suddenly raised into the 
air, the flame will sometimes be re-kindled ; but in no case, if the wire- 
gauze is in a sound condition, will the flame be communicated to the gase- 
ous contents of the jar. 

In the use of this lamp in coal mines the cylinder should be locked or 
securely fastened to the lamp, and on no pretence removed while it is em- 
ployed for mining purposes. The real object of this invention has been, to 
a great extent, defeated by ignorance and carelessness. Davy's experiments 
have shown that the state of the flame will always give warning of danger. 
The lamp is admirably adapted to test with safety the condition of the air in 
the shafts and galleries of coal mines, and to warn the miner of the spots 
where it would be unsafe to commence, or continue work, until the fire-damp 
had been removed by proper ventilation. As the explosive mixture is not 
noxious to breathe, miners continue to use the lamp long after it has indi- 
cated danger. The gauze may become red-hot by the continued combustion 
of the mixture within the lamp ; the flame may be driven through the meshes 
by a strong current of the gas from blowers^ or a small particle of coal-dust 
may strike upon the red-hot wire and be kindled into flame, when the whole 
mixture will be exploded, with a great destruction of life, arising from burn- 
ing, from serious mechanical injury, or from suffocation as a result of the 
carbonic acid produced in the explosion. The accidents which have almost 
annually led to a great destruction of life in coal mines have been wrongly 
17 
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attributed to the use of the lamp. They have been rather due to its abuse. 
The removal of the gauze-cylinder — or, where locked, the perforation of it 
for obtaining more light — the use of tobacco and gunpowder in coal mines, 
are the principal causes of these accidents, when it has been possible to trace 
them. 

The fire-damp, being very light, ascends and collects in hollows or recesses 
at the upper parts of the workings ; so that while the lower part or floor 
may be ventilated and free from danger, a light brought near to the roof 
might lead to a dangerous explosion. For the prevention of accidents a 
better system of ventilation is required, and a more strict supervision of the 
mode in which safety-lamps are used by miners. 

Explosions in houses from an accumulation of coal-gas and its admixture 
with air are equally formidable, and depend on similar chemical principles. 
There is, however, always ample warning in these cases by the powerful 
odor which announces the escape of coal-gas, long before it has reached its 
explosive proportion. Instead of opening doors and windows, and keeping 
at a distance all lights, until the smell has disappeared, the ordinary practice 
is to apply a light for the purpose of ascertaining where the leakage has 
occurred. The whole of the air in a room may be in an explosive state, but 
the coal-gas has a great tendency to accumulate at the upper part. Hence 
it is this part which should be thoroughly ventilated. A lighted candle may 
burn on the floor of a room, but, if raised a few feet above it, it may cause 
a violent explosion. In no case, however, can this accumulation occur with» 
out full warning being given by the odor of the gas, which is perceptible 
when mixed with 500 times its volume of air. {See, on the subject of gas- 
explosions in houses, a paper in the Medical Gazette, vol. xlii. p. 343.) 

Olefiant Gas. — -Elayle. Carburet of Hydrogen. Bicarhuretted Hydro- 
gen (CqHq). — This gas was discovered in 1^96, by the Dutch chemists, who 
gave to it the name which it commonly bears, owing to the property which 
it possesses of forming an oily compound with chlorine. 

It is usually obtained by the decomposition of alcohol by concentrated 
sulphuric acid. For this purpose, about two parts of the acid and one of 
alcohol (by measure) are put into a capacious retort, and heated by a lamp ; 
when the mixture boils, the gas is evolved with sulphurous and carbonic 
acids ; and a carbonized mass remains in the retort. It may be collected 
over water, and should be well washed with lime-water, or with a solution of 
potassa, in order to remove carbonic and sulphurous acids ; it also retains a 
little ethereal vapor, which may be removed by agitating it with weak alcohol 
and afterwards with water. During the distillation, the black carbonaceous 
mass is apt to fill the retort and pass over into the bath. To prevent an 
accident of this kind, the heat should be applied around the body of the 
retort by a circular jet of gas, and sand or broken glass may be mixed with 
the liquids before the heat is applied. 

The changes which take place in the production of this gas may be thus 
represented : Alcohol is C^H^jOg, a constitution which is equivalent to two 
volumes of olefiant gas '^{Q^^'E.^ and two volumes of aqueous vapor 2(H0). 
By the action of sulphuric acid, at a temperature of about 820°, the alcohol 
is resolved, by a catalytic action (p. 64), into these compounds, while the 
water is retained by the acid in the receiver (C^HgOa-f SO3HO ==202113+ 
SOgjSHO). There are other and more complicated changes in the latter 
stage of the distillation, as the carbon of the alcohol then decomposes. part 
of the sulphuric acid, forming the two gaseous acid products which con- 
taminate the gas : these changes will be considered at another time. 

Properties. '^0\Q^2iX\i gas is colorless, and neutral in reaction. It has been 
liquefied by pressure, and cooling to —166°, but not solidified. Even when 
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purified, it retains a slight ethereal odor. It acts like a narcotic poison 
when breathed. Water dissolves about 12*5 per cent, of its volume. It is 
dissolved more freely by fuming sulphuric acid, and by the ammoniacal solu- 
tion of the subchloride of copper. It extinguishes all burning bodies, but 
is itself highly combustible, burning with a bright white flame, similar to 
that of burning oil, tallow, wax, or a coal-fire. It evolves much light during 
combustion : the particles of carbon, of which it contains a large quantity, 
being rendered incandescent by the combustion of the hydrogen. A portion 
of this carbon is deposited on any cold surface introduced into the flame. 
When mixed with a large proportion of air it burns with a pale flame, the 
carbon being then entirely consumed as well as the hydrogen. If a taper is 
suddenly plunged to the bottom of a jar of the gas it will kindle the gas, but 
be itself extinguished. If the taper is withdrawn, and a quantity of water 
is poured through the burning gas so as gradually to fill the jar, the gas will 
be brought to the surface, and burnt in a large sheet of flame. If lime-water 
is added to another jar, during its combustion, this liquid will be rendered 
milky, showing the production of carbonic acid. This may also be proved 
by burning the gas from a jet under a jar of air, and afterwards testing the 
contents of the jar with lime-water. 

When mixed with three times its volume of oxygen, and the mixture is 
exploded, either by flame or the electric spark, it is converted, with a violent 
detonation, into carbonic acid and water : — » 

^2^2 + % (15 vols, air) = 2CO2 + 2H0 
1 vol. 3 vols. 2 vols. 2 vols. 

Its composition maybe deduced from these results: — the 2 vols, of carbonic 
acid represent 2 vols, or equivalents of carbon, with 2 vols, of oxygen ; 
while 2 vols, of aqueous vapor represent 2 vols, of hydrogen, and 1 vol. of 

oxygen :-— 

Atoms. Weiglits. Per cent. Vols, Sp. Gr, 

Carbon. e . 2 ... 12 ... 85-7 ... 2 ... 0-8292 
Hjdrogen . . 2 ... 2 .» 14-3 ... 2 ... 0-1382 



1 14 100-0 1 0-9674 

The specific gravity of olefiant gas is therefore about 0*9674, and, com- 
pared with hydrogen, it is 14 to 1. 100 cubic inches weigh 29*96 grains. 
Its refractive power is 1*818, air being ==1*000 :— its specific heat, com- 
pared with that of air, is 1*53 (Dulong), being greater than that of any 
other gas. As it is usually prepared, it is often associated with other hydro- 
carbon vapors, which may affect its physical properties. A mixture of this 
gas with oxygen is converted into acetic acid by spongy platinum, and its 
solution in sulphuric acid has, by agitation in water and mercury, produced 
alcohol. (Berthelot). When passed through a tube heated to redness, 
it deposits one-half of its carbon, and is changed into light carburetted 
hydrogen. If, however, the tube is heated to whiteness, all the carbon is 
deposited, and each volume of the gas yields two volumes of hydrogen. 

The action of chlorine on olefiant gas is remarkable. When the gas is 
mixed with chlorine, in the proportion of 1 to 2 by volume, the mixture, 
when inflamed, produces, without explosion, hydrochloric acid, and black 
amorphous carbon is abundantly deposited e If the gases be well mixed, 
and then inflamed in a tall and narrow glass jar (about 2 feet high and 4 
inches in diameter), placed with its mouth upwards, the experiment is very 
striking ; a deep-red flame gradually descends through the mixture, and a 
dense black cloud of carbon rises into the atmosphere ; fumes of hydrochloric 
acid are at the same time formed, and a peculiar aromatic odor is evolved 
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(C2H3+2C1=2HC1 + 2C). The hydrochloric acid maybe detected by its 
effect on litmus-paper, and the production of white fumes with ammonia. 

Chloride or Olefiant Gas (C^HqCI); Dutch Liquid; Chloric Ether,---^ 
If chlorine and olefiant gases be merely mixed, in equal volumes, over water, 
or in a clean and dry glass globe, exhausted of air, they act slowly upon 
each other, and a peculiar liquid is formed, which appears like a heavy yel- 
low oil ; hence the term olefiant gas, applied to this hydrocarbon by the 
Dutch chemists, and Elayle (from I'xatov, and <v%yi, the source of an oil) by 
Berzelius. It may also be formed by allowing a current of each gas to meet 
in a proper receiver ; but there should always be an excess of olefiant gas, 
for if the chlorine is in excess, the liquid will absorb it. To purify it, it 
should be washed in water, and then carefully distilled over fused chloride 
of calcium. 

This compound is a transparent and colorless liquid ; its taste is sweet, 
and somewhat acrid ; its odor fragrant. Its specific gravity is 1*2. It boils 
at 180^e According to Gay-Lussac, the specific gravity of its vapor is 3*46. 
It burns with a green flame, evolving hydrochloric acid, and depositing car- 
bon. It is decomposed when passed through a red-hot tube. It has been 
employed as an anaesthetic, but has been found too stimulating. Olefiant gas 
forms a similar compound with the vapor of bromine. 

Oil Gas (C4H4).— -This is a gaseous compound, containing in each volume, 
as its vapor density proves, double the proportions of carbon and hydrogen 
existing in olefiant gas. It was obtained by Faraday as one of the products 
of the destructive distillation of oil He called it bicarburetted hydrogen. 
As a gas, it has a sp. gr. of 1*9264 ; it burns with a brilliant, white, smoky 
flame. It is not dissolved by water, but is soluble in alcohol and the oils. 
When cooled to zero, it is condensed into a colorless, light liquid, having a 
sp. gr. of 0'62t. 

Carbon and Nitro(^en.— These elements form three different compounds ; 
a gaseous body, cyanogen, NO3; and two solids, paracyanogen, N2C4, and 
mellone, N^Cg. 

Cyanogen (NCq, or Cy=26). Bicarluret of Mtrogen,^^^\A% gaseous 
compound was discovered, in 1815, by Gay-Lussac, and X^xm^^ cyaviogen 
(from %vavo<^, Hue, and yai^j^aco, to generate), in consequence of its being essen- 
tial to the production of Prussian blue. It is sometimes formed by the 
direct action of nitrogen upon carbon in the presence of bases, as where 
nitrogen or air is passed over a mixture of charcoal and carbonate of potassa, 
heated to redness. Under these circumstances, cyanogen is produced, and 
enters into combination with the metal potassium (KO,C03 4-C4+]Sr=K,]S[03 
-f SCO). Cyanide of potassium is thus sometimes produced and deposited 
in the crevices of the walls of blast-furnaces. When an organic substance 
containing nitrogen and carbon is heated, these elements will not unite 
directly ; but if heated with the alkaline metals, potassium or sodium, in a 
glass-tube, out of contact of air, they instantly combine to form cyanogen, 
and this body unites with the metal, to produce a metallic cyanide. This 
conversion has already been described as one of the best methods of detect- 
ing nitrogen in organic matter (p. 143). In the destructive distillation of 
coal, the nitrogen and carbon combine to form cyanogen, which is found in 
the solid products in combination with ammonia and lime. Sulphocyanogen 
is also produced under these circumstances, as the cyanogen combines with 
a portion of the sulphur of coal. 

Prepara^zW.— Cyanogen may be obtained in the gaseous state by heating 
well-dried cyanide of mercury in a small retort to dull redness. The gas 
readily comes over, and, as it is dissolved by water, it should be collected 
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and preserved over mercury. Although cyanogen and mercury are both 
volatile bodies, it is impossible to obtain more than one-third of the cyano- 
gen present in the cyanide [3HgCy=NC2 (cyanogen) +N4C4 (paracyanogen) 
-f-SHg]. Mercury sublimes, but there remains in the retort a brownish- 
black, spongy-looking solid, which from its composition has been called j^ara- 
cyanogen. It is equivalent to two atoms of cyanogen, and is polymeric with 
it (2NC2=N3C4). When strongly heated in air, this residue yields carbonic 
acid, and leaves CN ; but it is very difficult of combustion. Cyanogen is so 
easily decomposed by the elements of water, that great care should be taken 
to dry the cyanide of mercury thoroughly before it is submitted to heat ; and 
no moisture should be present in the jars in which the gas is collected. 

Prop6r^^e5.-"-Cyanogen is a colorless neutral gas, of a pungent odor, irri- 
tating to the eyes, and highly poisonous if breathed even in a diluted state. 
Its specific gravity when compared with hydrogen is as 26 to 1 ; and with 
common air, as 1* 196 to 1 ; 100 cubic inches weigh 55*64 grains. It sustains 
a high temperature in porcelain tubes without decomposition. Under a 
pressure of between three and four atmospheres at the temperature of 
45^, Faraday condensed cyanogen into a limpid colorless liquid, of a specific 
gravity of about 0*9, and a refractive power rather less than that of water. 
When a tube containing it was opened, the expansion within appeared in- 
considerable, and the liquid slowly evaporated, producing intense cold. It 
does not conduct electricity. At temperatures below — 30°, it becomes a 
transparent crystalline solid. 

It extinguishes a lighted taper, but takes fire and burns with an inner 
rose-red flame, surrounded by a blue flame. Carbonic acid and nitrogen are 
the sole products of this combustion. Four equivalents or two volumes of 
oxygen are required for its entire combustion (NC3 4-04 = 2C024-N)- ^J^ 
these proportions the mixture is explosive by heat or electricity. A red-hot 
platinum wire, or the electric spark, will kindle the gases instantly. The 
production of carbonic acid as a result of its combustion, may be proved by 
burning the gas from a jet under ajar of air, and subsequently adding lime- 
water to the contents of the jar. All ordinary combustibles are extinguished 
in it. Alkaline metals may, however, be burnt in it as readily as in chlorine. 
Potassium or sodium heated to ignition and introduced into the gas, under- 
goes vivid combustion, and the cyanogen combines directly with the metal to 
form a metallic cyanide. It is this property of entering into combination 
like an element, and the fact that with hydrogen it forms a hydracid in every 
respect analogous: to those produced by the halogens, which have induced 
chemists to designate cyanogen as a compound radical, and to associate it 
with chlorine, bromine, and iodine. Its existence shows that a body may 
have all the ordinary chemical properties assigned to an element, and yet be 
of a compound nature. 

Cyanogen does not bleach organic colors. Water will dissolve 4*5 
volumes of the gas ; alcohol will dissolve 23 volumes ; and it is also taken 
up by ether and oil of turpentine. Its aqueous solution is rapidly decora- 
posed by exposure to light ; it acquires at first acid and afterwards alkaline 
properties, cyanic acid and ammonia being products of this reaction. Oxalate 
and carbonate of ammonia, formate of ammonia, urea, and paracyanogen, are 
also products, in different stages of decomposition, of the aqueous solution. 
Iodine, sulphur, and phosphorus may be sublimed in the gas without change. 
Dry chlorine has no action on dry cyanogen ; but when moist and exposed to 
light, a yellow oil is produced, which appears to be a mixture of chloride of 
carbon and chloride of nitrogen (Serullas), furnishing another proof of the 
importance of water to bring about chemical changes in bodies, {see pages 41 
and ISO). 
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The gas is readily dissolyed by alkaline liquids ; and, as with the halogens, 
a cyanate/3f the alkali and cyanide of the metal are produced. Oxide of 
mercury in a humid state, also absorbs the gas, forming a soluble cyanide. 

Composition. — Cyanogen may be passed through a porcelain tube intensely 
heated without undergoing any change ; but if passed through a red-hot iron 
tuba, carbon is deposited, and a volume of nitrogen, equivalent to the cyano- 
gen employed, is set free. If one volume of this gas is mixed with two 
volumes of oxygen, and the mixture is detonated by the electric spark over 
mercury, two volumes of carbonic acid and one volume of nitrogen result ; 
hence, deducting the oxygen employed, each volume of this gas must con- 
sist of two volumes of carbon vapor, and one volume of nitrogen condensed 
into a single volume of the gas. 

Atoms. Weights. Per. cent. Vols. Sp. Gr. 

Nitrogen . . 1 ... 14 ... 53-85 ... 1 ... 0-9674 

Carbon . . 2 ... 12 ... 46-15 ... 2 ... 0-8292 



1 26 100-00 1 1-7966 

Test. — The colored flame of the gas during combustion, and an examina- 
tion of the products, carbonic acid and nitrogen, are sufficient to identify it. 

Compounds. — Cyanogen combines directly with metals, like an element, 
forming cyanides of metals analogous to oxides and chlorides; it forms acids 
with oxygen and hydrogen, and compound radicals with sulphur and iron, 
which also combine with hydrogen to form acids, and with metals to form 
peculiar classes of salts. The metallic cyanides are remarkable for the readi- 
ness with which they produce double salts. The subjoined list comprises the 
principal derivative compounds of cyanogen : — 

Cyanogen Cy Cyanide MCy 

Cyanic acid Cy, Cyanate MO,CyO 

Fulminic acid ^J2->^2 Fulminate CygOg, 2M0 

Cyanuric acid CygjOg Cyanurates CygOg, 3M0 

Hydrocyanic acid HCy + MO = Cyanide MCy, (HO) 

c, 1 , on f H Hydrosulpliocyanic acid 

Sulphocyanogen S^Cy |^ Snlphocyanide ^ 

„ ■r^ n ( H„ Hvdroferrocvanic acid 

Ferrocyanogeu FeCy, | M, FerrocyaBid'e 

T^ . T^ ^ f H„ Hydroferri cyanic acid 

Ferncyanogen Fe.Cy, t M>emcyaBide 

Nitrohydrocyanic acid 



Mtroferricyanogen Fe,Cy,NO, { m^^ NiSm^^^^^^^ 



Mellonb (N^Cf.). — The third compound of carbon and nitrogen is a solid 
substance of a yellow color, produced in the destructive distillation of sul- 
phocyanogen. It may be heated to dull redness without change, but at a 
higher temperature it is resolved into three volumes of cyanogen and one of 
nitrogen (N^Cg=3NC2+lSr). It is a compound radical, and combines di- 
rectly with metals to form Mellonides. According to Glerhardt, it always 
contains hydrogen. 

Cyanogen and Oxygen. — These bodies form three homologous acids, the 
cyanic (CyO), the fulminic (CygOg), and the cyanuric (CygOg). They are 
monobasic, bii3asic, and tribasic, respectively. 

Cyanic Acid (CyO).— When cyanogen is passed into an alkaline solution, 
a cyanide and a cyanate are formed (2BaO-f2Cy=BaCy+BaO,CyO), and 
so far the action of cyanogen corresponds to that of chlorine : but the ex- 
treme tendency of the cyauates'so formed, to decomposition, prevents their 
separation. A permanent cyanate may be obtained by the following pro- 
cess : six parts of ferrocyanide of potassium and two of carbonate of potassa, 
both carefully dried (anhydrous), are intimately mixed in fine powder with 
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eight parts of pure and dry peroxide of manganese: this mixture is heated 
for some time to dull redness, until a portion cooled and dissolved in water, 
does not give a blue precipitate with a persalt of iron. The contents of the 
crucible are then allowed to cool, reduced to powder, and boiled for fifteen 
minutes in alcohol, sp. gr. -850. The liquid is filtered hot, and on cooling, 
it deposits crystals of cyanate of potassa. The alcohol is poured from the 
salt and again boiled with the residue, so long as further portions of cyanate 
can be thus obtained. The salt should be well dried by pressure in filtering 
paper, and afterwards in vacuo over sulphuric acid ; it must be preserved out 
of contact of air and moisture, otherwise it will soon pass into ammonia and 
carbonate of potassa. Although the cyanic acid may thus be obtained in 
union with a base, any attempt to set it free by means of another acid, is 
attended by its immediate decomposition into carbonic acid and ammonia. 
Wohler endeavored to procure the acid in a pure state, by decomposing 
cyanate of silver by dry hydrochloric acid. The product, however, was hy- 
drated cyanic acid with one equivalent of hydrochloric acid gas; hence, when 
brought into contact with water, it was immediately resolved into hydrochlo- 
rate of ammonia and carbonic acid. Cyanic acid, in the presence of water, 
cannot be separated from its salts without undergoing immediate decompo- 
sition. Liebig found that it might be procured in a concentrated form as 
hydrate, by heating cyanuric acid in an air-tight retort, connected with a 
receiver surrounded by ice. These acids contain the same elements, and are 
mutually convertible the one into the other ; but cyanic acid is a simple atom, 
while cyanuric acid is a complex atom. 

Properties. — This acid in its concentrated state (HO,CyO) is a limpid 
colorless liquid. It is intensely corrosive and strongly acid. Its vapor is 
very pungent, like that of the strongest acetic acid, and it is very irritating 
to the eyes and nose ; but it is not inflammable. When diluted with a little 
water and retained at 32^, its odor is like that of acetic acid, but it soon 
begins to change: carbonic acid is evolved, carbonate and cyanate of ammo- 
nia are formed, and, by evaporation, crystals of urea may be obtained. In 
this case one atom of cyanic acid and three of water, at first yield one atom 
of bicarbonate of ammonia; C2N,0-f 3HO=]SrE[3,2C03: but the cyanic, 
being a stronger acid than the carbonic, the undecomposed cyanic acid com- 
bines with the ammonia and expels carbonic acid; and, on evaporation, the 
cyanate of ammonia combines with an atom of water to form urea ; ISTHs, 
HO,0,NO=C,HAN,. 

Hydrated cyanic acid, as obtained by the method above described, when it 
has cooled to 60^, becomes turbid and milky-looking; it acquires heat spon- 
taneously, begins to boil, and then passes into a pasty-looking solid, while 
there are sudden evolutions of gas with explosions, from the unchanged por- 
tion of the acid. It is ultimately converted into a dry, solid, uncrystalline 
white substance, which is called Gyamelide (Liebig). These remarkable 
changes take place rapidly at the common temperature, and quite independ- 
ently of air and moisture. They also take place at the freezing-point, but 
more slowly, and no gas is evolved under these circumstances. 

Gyamelide is insoluble in water, nitric acid, and hydrochloric acid, either 
separately or mixed as aqua regia. It is dissolved by potassa with evolution 
of ammonia, and cyanurate of potassa is obtained by evaporation. Concen- 
trated sulphuric acid dissolves it when the mixture is moderately heated, with 
escape of carbonic acid and the production of sulphate of ammonia. The 
products of its decomposition are therefore the same as those of cyanic acid 
in water, and when cyamelide is distilled by itself it is reconverted into hy- 
drated cyanic acid. ^It is therefore an isomeric solid condition of this acid. 

Gyanates. — The cyanates of the alkalies alone are soluble in water, and 
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are not decomposed by a red heat. When an aqueous solution of an alka- 
line cyanate is heated, carbonic acid and ammonia are produced (NC3O + 
3HO~NH34-2C02). The nitrates of lead, silver, and mercury give with 
the solution of a cyanate white precipitates. When mixed with sulphate of 
ammonia, and evaporated to dryness, a solution of a cyanate yields urea. 
When hydrated cyanate of ammonia is gently heated either in the dry state 
or in solution, it is converted into urea (Wohler). These substances are 
metameric (see page 18). When an acid is added to a cyanate, either solid 
or in solution, there is effervescence, owing to the production and escape of 
carbonic acid. The strong pungent odor of hydrated cyanic acid will be 
perceptible, and a salt of ammonia is formed in the liquid. Hence a cyanate 
cannot be mistaken for a carbonate. 

FuLMiNic Acid 2(0^1^)0^^ or (Cy^Og).— Under the articles Mercury and 
Silver, the process for preparing detonating compounds of these metals, by 
acting upon their nitric solutions by alcohol, will b'e described. The oxides 
are united to an acid, containing the same elements, and in the same relative 
proportions, as the cyanic acid, to which, in that particular state of combi- 
nation, the term Fulminic Acid has been applied ; but the equivalent of the 
fulminic acid is exactly double that of the cyanic. This acid has not been 
isolated : it is known only in combination with bases. 

Fulminic acid, therefore, cannot be obtained as such from the bases with 
which it is combined ; at the moment of its separation by a stronger acid, 
it is resolved into hydrocyanic acid and other products. Hence we have in 
this compound an acid in which the metal cannot be replaced by hydrogen 
{see page 69). 

Fulminates. '--l^h.Q^Q are bibasic salts containing either two atoms of fixed 
base (neutral fulminates), or one atom of fixed base and one atom of water. 
The two atoms of fixed base may be represented by two atoms of the oxide 
of an easily reducible metal, or by two atoms of the oxides of two different 
metals, also easily reducible. There are no fulminates of two alkaline bases. 
The fulminates explode by concussion, friction, heat, or contact with con- 
centrated sulphuric acid. They evolve hydrocyanic acid when treated with 
hydrochloric acid. 

Cyanuric Acid (CglSTgOg or CygOg). — ^^This acid may be obtained in combi- 
nation with three atoms of water, as 3H0 + Oyfi^. Scheele first described it 
under the name of pyro-uric acid. He procured it by the destructive distillation 
of uric acid. It exists in the hydrated and anhydrous states. It is dissolved 
by strong sulphuric or nitric acid without change, and is precipitated by 
water. The alkaline cyanurates evolve, when heated, hydrated cyanic acid, 
cyanate of ammonia, carbonic acid, and nitrogen, leaving a residue of 
cyanate. 

The cyanic, fulminic, and cyanuric acids, although composed of similar 
proportions of the same elements, are widely different in properties — a fact 
which appears to show that, in compounds of a quasi-organic character, the 
properties of bodies are more dependent on molecular arrangement than on 
atomic constitution. The cyanuric acid alone can exist in the anhydrous 
state, and remain unchanged in contact with water and other acids. This 
acid alone is soluble in alkalies without change, and may be separated from 
its alkaline solution by acids in an unaltered state. Cyanurate of silver will 
bear a temperature of 300^, without undergoing decomposition. At this 
temperature, cyanate of silver is decomposed with ignition and evolution of 
carbonic acid and nitrogen (Liebig), while fulminate of silver under the 
same circumstances is decomposed with detonation, a double amount of car- 
bonic acid and nitrogen being produced. Although fulminic acid is the 
intermediate compound, it cannot be procured either by the intermixture of 
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the cyanic and cyanuric acids, or by the action of any chemical reagents 
upon them. In this respect these three compounds somewhat resemble the 
hydrates of phosphoric acid, the first being converted at once into the third, 
without the production of the second hydrate (p. 226). In phosphoric acid, 
the difference arises from an increase in the atoms of water of hydration : in 
these acid compounds of cyanogen, the first and last members of the series 
only are hydrated; and there is an increase in the proportion of the elements 
as well as of the atoms of water. In reference to fulminic acid, it is worthy 
of note that, as in an isolated state, it will not combine with the elements of 
water, its existence proves, among other facts, that acids are not necessarily 
salts of hydrogen (see p. 85). 

Cyanogen and Hydrogen. Hydrocyanic Acid. — Gyanhydric Acid. 
Prussic Acid. (C^N,!!, or-HCy). — This compound was first obtained by 
Scheele in 1182. It was not, however, until the discovery of cyanogen by 
Gay-Lussac, in 1815, that its real nature was understood, and its compo- 
nents accurately determined. Cyanogen and hydrogen have no tendency 
to direct combination, but by the action of certain acids on metallic cyan- 
ides, hydrocyanic acid is produced by double decomposition : in this way it 
is obtained by the action of hydrochloric acid on dry cyanide of mercury or 
silver (AgCy+HCl=AgCl + HCy). The mixture may be distilled in a 
sand-bath, and the product collected in a receiver kept cool by a freezing 
mixture. In order to obtain anhydrous hydrocyanic acid, the following pro- 
cess is preferable. Introduce the dry cyanide of mercury into a long glass 
tube, terminating at one extremity in a receiver immersed in a freezing mix- 
ture, and then, from a proper apparatus, pass over it a stream of pure and 
well dried sulphuretted hydrogen, the sulphur of which combines with the 
mercury to form sulphide of mercury, while the hydrogen unites to the 
cyanogen to form hydrocyanic acid (HgCy + HS=HgS4-HCy). The 
vapor of the acid may be driven, by the application of a gentle heat, into 
the cold receiver, and there condensed. The ordinary process for obtaining 
this acid, consists in distilling by a gentle heat 10 parts of finely powdered 
ferrocyanide of potassium, with a mixture of 5 parts of sulphuric acid and 
14 of water : the product should be collected in a well cooled receiver. The 
acid may be concentrated by digesting it with chloride of calcium. Any 
Prussian blue may be separated from it by re-distillation. The hydrocyanic 
acid thus procured, should be preserved in a well-stopped phial. In this 
process, the cyanide of potassium of the ferrocyanide, is decomposed by the 
hydrated sulphuric acid. KCy+H0,S03=K0,S03+HCy. Cyanide of 
potassium may be substituted for the ferrocyanide. Hydrocyanic acid forms 
no definite hydrate with water : hence, according to Millon, it may be obtained 
anhydrous from the most diluted solution with as little trouble as absolute 
alcohol. He submits the diluted acid to fractional distillation, collecting 
the distillate between 120° and 212°. After two or three distillations, he 
passes the vapor through two Woulfe's bottles, containing dry chloride of 
calcium, and condenses it in a receiver, placed in a freezing mixture. The 
heat of distillation in the last stage is not allowed to exceed 116°. 

Properties. — Anhydrous hydrocyanic acid is a colorless liquid : its vapor 
when diffused in air, ha^ an odor resembling that of bitter almonds. Its 
taste, when diluted with water, is warm and acrid, and it is highly poisonous, 
so that the utmost care should be taken to avoid the inhalation of its vapor. 
The respiration of a small quantity of this vapor, even in a diluted state, 
produces an acrid sensation in the nose and throat, dizziness, sense of weight 
in the head, and insensibility. It is irritating to the eyes. The vapor 
readily traverses by osmosis, paper, animal membrane, and even caoutchouc. 
The anhydrous acid is the most powerful poison known, whether we regard 



266 COMPOSITION OF HYDROCYANIC ACID. 

the sraallness of the dose or the rapidity of its operation. Less than a grain 
of the acid has destroyed the life of an adult in twenty minutes. The anhy- 
drous acid volatilizes so rapidly as to freeze itself, when a drop of it is placed 
on a glass-plate. Its specific gravity at 64^ is 0*696 : and the specific 
gravity of its vapor, as experimentally determined by Gay-Lussac, is 0.9476 ; 
it boils at 80°, and congeals at 3°, or 4° above 0° in its ordinary state; but 
when, it is perfectly anhydrous, it remains liquid according to Schultz at 
—40°. It burns with a bright flame. It scarcely affects the blue of litmus. 
It is very liable to spontaneous decomposition, especially under the influence 
of light, becoming browu, evolving ammonia, and depositing paracyanogen, 
changes which are prevented by the presence of minute portions of other 
acids, but are accelerated by traces of ammonia or other bases. The pure 
anhydrous acid is decomposed spontaneously, whether kept in the light or 
dark, whether in open or closed vessels. If highly concentrated, it solidifies 
into a broWnish-black jelly-like mass. When mixed with strong hydro- 
chloric acid, it soon solidifies into a pure crystalline mass of hydrochlorate of 
ammonia. Millon found that the anhydrous acid forms other compounds, 
which are only stable, so long as water is excluded. Moisture destroys 
them, and formate of ammonia is produced. The effect of ammonia upon 
this liquid is remarkable : a few bubbles of the gas were found to solidify 
several ounces of the anhydrous acid. Dilution with w^ater delayed, but did 
not prevent this result. The preservative efi'ects of acids, appear to depend 
on the neutralization of ammonia or the prevention of its production. When 
water is present, the concentrated inorganic acids resolve it into ammonia 
and formic acid : 3 atoms of water and lof hydrocyanic acid include the 
elements of 1 atom of formate of ammonia; 3H0-|-C3,ISr,H=C2,H,03+^H3o 
It is resolved by dry chlorine, under the influence of the sun's rays, into 
hydrochloric acid and chloride of cyanogen. The changes produced by 
acids in the constitution of hydrocyanic acid, show that an excess of hydro- 
chloric or sulphuric acid employed in its preparation may lead to its decom- 
position and contamination with formic acid. As a singular fact connected 
with this conversion, Liebig has noticed that when formate of ammonia is 
transmitted through a glass tube, heated to dull redness, it is decomposed 
and is reconverted into hydrocyanic acid and water. 

C2H -{- N = 1 atom of hydrocyanic acid. 
O3 + Hg = 3 atoms of water. 

1 atom of formic acid. 1 atom of ammonia. 

The easily reducible oxides (of mercury and silver) decompose hydrocyanic 
acid, and yield water and a metallic cyanide. When lime or baryta is heated 
to redness in hydrocyanic acid vapor, they afford cyanides and cyanates, 
and hydrogen is evolved. 

In the voltaic circuit, hydrocyanic acid yields hydrogen at the negative, 
and cyanogen at the positive electrode, but the aqueous solution of this 
acid, when pure, is a very bad conductor of electricity. When its vapor 
is mixed with oxygen it may be exploded by the electric spark, in which 
case 2 volumes of hydrocyanic acid vapor require for perfect combustion 2 
volumes and a half of oxygen : the results are water, 2 volumes of carbonic 
acid, and 1 volume of nitrogen (H,ISr03+ 05=2003+ HO 4-N). When 
potassium is heated in its vapor, cyanide of potassium is formed, and 
hydrogen, equal to half the volume of the acid is liberated : it appears, 
therefore, that there is the strictest analogy between the hydrocyanic and 
the other hydracids, and that 1 volume of cyanogen and 1 of hydrogen 
form 2 volumes of the vapor of hydrocyanic acid. In contains in each 
volume, half a volume of hydrogen and half a volume of cyanogeUo 
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Atoms. Weights. Per cent. Vols. Sp. Gr. 

Hydrogen . . 1 ... 1 ... 3-70 ... 1 ... 0-0691 

Cyanogen . . 1 ... 26 ... 96-30 ... 1 ... 1-7966 



1 27 100-00 2 1-8657 

And 1 '8657-:- 2=0 '9328, the sp. gr. of hydrocyanic acid vapor. The 
experimental result of Gay-Lussac, makes it rather higher. 100 cubic 
inches of the vapor weigh 28'89 grains; compared with hydrogen, hydro- 
cyanic acid vapor has a sp. gr. of 13'5. The anhydrous acid is miscible in 
all proportions with water, alcohol, and ether. 

This acid forms no definite hydrate but in various states of dilution, it is 
used in medicines as a sedative, and certain processes are recommended for 
at once obtaining it of a convenient strength for pharmaceutical purposes. 
The Pharmacopoeial hydrocyanic acid contains 2 per cent, of anhydrous 
acid, while that which is sold under the name of Sclieeleh acid, contains from 
4 to 5 per cent. A dose of Scheele's acid exceeding 20 drops, and an equiva- 
lent portion of any of the other solutions of the acid, would generally suffice 
to destroy life. Diluted hydrocyanic acid of the sp.gr. 0*982 at 54^, con- 
tains 10-53 per cent, of anhydrous acid (Trautwein). The process for 
preparing diluted hydrocyanic acid for officinal purposes, consists in the 
decomposition of ferrocyanide of potassium (FeCy,2KCy), by diluted sul- 
phuric acid. The proportions are somewhat different from those above 
described, but the process is similar. 

Llebig recommends for obtaining diluted hydrocyanic acid, the distillation 
of a mixture of equal parts of cyanide of potassium and sulphuric acid ; the 
cyanide being dissolved in twice its weight of water, and the acid diluted 
with three times its weight of water : these solutions are to be gradually mixed, 
and the mixture cautiously distilled. This acid is a product of the distilla- 
tion of the bitter almond^ the kernels of the peach, nectarine, and other seeds 
of the like nature. It may also be procured by distilling the young shoots 
of laurel. 

As pure hydrocyanic acid, even in a diluted state, is still liable to decom- 
position, it should be prepared in small quantities, and preserved in well- 
stopped phials out of the presence of light : or a very minute addition of 
diluted sulphuric or hydrochloric acid may be made to it, by which its 
tendency to change is prevented. 

When diluted hydrocyanic acid is pure, it leaves ^o residue on evaporation, 
and only slightly and transiently reddens litmus : if it contain any of the 
stronger acids, its a'ctioh on vegetable blues is very decided. Under these 
circumstances, also, it throws down red iodide of mercury from the solution 
of the double salt of iodide of potassium and cyanide of mercury j but in 
using this test no alcohol must be present, as it would retain the cyanide of 
mercury in solution. (GtEOGHEgan, Ph, Mag. and Journ. vii. 400.) 

Officinal hydrocyanic acid may contain as impurity, hydrochloric or sul- 
phuric acid, and occasionally Prussian blue. The latter substance is deposited 
on standing, or readily separated by careful distillation. In order to detect 
hydrochloric acid, ammonia is added, and the liquid is concentrated by 
evaporation. The hydrocyanate of ammonia is volatilized, while the hydro- 
chlorate of ammonia remains in prismatic crystals. A solution of these 
crystals may be tested by the addition of nitrate of silver. The chloride of 
silver, with its characteristic property of insolubility in nitric acid, is thrown 
down. A solution of borax, free from chloride of sodium, may be employed 
instead of ammonia. This fixes the hydrochloric acid alone. Sulphuric 
acid may be detected by the addition of nitrate of baryta ; if present, a white 
precipitate of sulphate of baryta, insoluble in nitric acid, is deposited. 
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Hydrocyanic acid is a weak acid : it will not decompose the alkaline 
carbonates, or set free carbonic acid from these salts ; but it separates silicic 
acid from the soluble alkaline silicates. It dissolves the oxide of mercury, 
and this solution is not precipitated by alkalies (HgO+HCy=HgCy + HO). 
It decomposes a solution of subnitrate of mercury, giving a gray precipitate 
of the reduced metal (HCy+Hg^O^HgCy+Hg+HO). It has no action 
on solutions of the chloride and nitrate of mercury. Among other chemical 
properties, it gives a white cyanide, insoluble in cold nitric acid, with a 
solution of nitrate of silver (AgO,N05+H,Cy=AgCy + HO,N05). Unless 
it contains sulphuric acid, it does not precipitate a salt of baryta. It does not 
affect a persalt of iron, and produce with it no Prussian blue when an alkali 
is added to precipitate the oxide. It does not precipitate a solution of the 
green sulphate of iron, but produces Prussian blue on the addition of an 
alkali, by a reaction of its elements on the mixed oxides of iron which are 
precipitated. This may be proved by adding diluted hydrochloric acid to 
the mixture : the oxide of iron is dissolved, and Prussian blue remains. It 
does not affect a solution of copper until potassa is added, when white sub- 
cyanide of copper, insoluble in hydrochloric acid, is produced. When the 
sulphate of copper is previously mixed with a small quantity of sulphurous 
acid, the white subcyanide of copper (CugCy) is formed, and slowly deposited. 
Hydrocyanic acid destroys the color of iodine in aqueous solution, as well as 
the blue color of iodide of starch. 

However carefully diluted hydrocyanic acid may have been prepared, its 
real strength should always be determined by experiment, for the specific 
gravity is no adequate criterion. Neither the proportions of materials used, 
nor the specific gravity of the product, can convey any accurate knowledge 
of the strength of the acid. The strength of the medicinal acid may be ob- 
tained by precipitating a given weight of it by nitrate of silver, which throws 
down an insoluble cyanide of silver, of which 134 parts are equivalent to 27 
of anhydrous hydrocyanic acid ; so that if the weight of the precipitated 
cyanide of silver (well washed, and carefully and perfectly dried,) be divided 
by 5, or multiplied by 0*2015 (21 -^IM) the product will almost exactly re- 
present the quantity of real acid. One hundred grains of officinal acid, of a 
strength of 2 per cent, should therefore give 10 grains of dry cyanide of 
silver ; and 100 grains of Scheele's acid should give from 20 to 25 grains of 
dry cyanide. From the result of such an analysis it is easy, by the addition 
of water, to reduce a strong acid to any assignable strength. 

Tests for Hydrocyanic Acid, Analysis in cases of Poisoning. -^^hoi pecu- 
liar odor of the acid is perceptible in liquids, unless other strong odors are 
present. 1. Nitrate of Silver. This throws down a heavy white precipitate 
(cyanide of silver) unchanged by exposure to light. It is insoluble in cold 
nitric acid. When well dried and heated in a small reduction-tube it melts, 
and evolves a gas which burns with the rose-red and blue colored flame of 
cyanogen. —2. Sulphate of Iron. Add to the liquid a few drops of a solu- 
tion of green vitriol, followed by a solution of potassa, and agitate the mix- 
ture. It will acquire a dark bluish-green color. Add diluted hydrochloric 
acid ; oxide of iron will be dissolved, and Prussian blue (having a greenish 
tint if much iron is present) will be left. Prussian blue is known by its 
color and insolubility in diluted acids. This test will reveal the presence of 
prussic acid even when mixed with alkaline chlorides and other salts. — 3. 
Sulphide of Ammonium. Add to the liquid a few drops of yellow or bisul- 
phide of ammonium, and evaporate to dryness on a sand-bath. The hydro- 
cyanic acid is converted into sulphocyanide of ammonium (NH^Sg-f HCy+ 
0(air)=]S^H4SaCy^-H0). And this is at once proved by the deep red color 
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imparted to tlie residue by the addition of a persalt of iron. (^London Medical 
Gazette, vol. xxxix., p. 165.) 

These tests may be applied to detect the vapor of hydrocyanic acid, as it 
escapes from any simple or complex liquid which contains it. The'^suspected 
liquid is placed in a small jar, or beaker, the top of which admits of being 
covered by a watch-glass, A drop of nitrate of silver in the hollow of the 
glass, when inverted over a liquid containing prussic acid, will be whitened, 
owing to the production of cyanide of silver: if slowly formed, the deposit 
will be found under the microscope to consist of well-defined oblique rhombic 
prisms. A drop of a solution of bisulphide of 'ammonium may be added to 
the deposited cyanide of silver, and the mixture warmed. Persulphate of 
iron will produce a red color in the liquid notwithstanding the presence of 
black sulphide of silver. This will prove the presence of cyanogen, if the 
cyanide is in too small a quantity to yield evidence by combustion. In em- 
ploying the iron-test for the detection of the vapor, a solution of potassa 
should be placed in the watch-glass, and, after sufficient exposure of the 
alkali to the vapor, the sulphate of iron, followed by diluted hydrochloric 
acid, should be added to the alkaline liquid. These tests will fail if the liquid 
contains sulphuretted hydrogen ;* but in this case, the sulphur-test will be 
available. The bisulphide of ammonium, placed in a watch-glass absorbs 
the vapor completely, and, on evaporation to dryness, the residue will be 
found to contain sulphocyanide of ammonium by the iron-test. These vapor- 
tests may be thus readily applied to the detection of the poison in food, in the 
contents or coats of the stomach or intestines, in blood, and in the substance 
of the heart and liver. 

In order to obtain the acid from the coats of the stomach, or its contents, 
in cases of poisoning, the substance, cut into small pieces, should be mixed 
with cold distilled water, and distilled by a water-bath at a low temperature 
(HO^), the distillate being collected in a cooled receiver. If the liquid sus- 
pected to contain the poison is alkaline, a small quantity of tartaric acid may 
be added to neutralize it. The colorless distillate in the receiver may then 
be examined for its odor, and tested by the action of the three tests above 
described. If the liquid of the stomach is acid, it should be neutralized; as, 
if ferrocyanide of potassium was present, any excess of acid would produce 
hydrocyanic acid from this salt. In the dead body, hydrocyanic acid is con- 
verted by putrefaction into sulphocyanide of ammonium, which may be dis- 
solved out by alcohol, and tested. {See Sulpha cyanides.) 

(7t/amc?es."— The salts formed by hydrocyanic acid are similar to those of 
the halogens. Thus, in contact with diluted alkaline solutions, water and a 
cyanide are produced (KO-i-HCy=HO + KCy). If the alkaline solution is 
concentrated, then as with the concentrated acid in the presence of water, 
hydrocyanic acid is resolved into formic acid and ammonia {see page 266). 
The cyanides of the alkaline and alkaline earthy metals are very soluble, 
producing strongly alkaline solutions, which evolve an odor of hydrocyanic 
acid from the action of the carbonic acid of the air. They are powerful 
poisons. They are readily distinguished from other salts by the fact that the 
weakest acid decomposes them, and sets hydrocyanic acid at liberty. This 
may be5 detected by the vapor-tests {see p. 268). The metallic cyanides, 
excepting that of mercury, are insoluble in water, and are not readily decom- 
posed by oxacids. Hydrochloric and hydrosulphuric acids decompose them, 
and liberate hydrocyanic acid. Many of the metallic cyanides are soluble in, 
and form double salts with, cyanide of potassium. Nitrate of silver throws 
down from solutions of the cyanides, white cyanide of silver, possessing the 
characters above described. A solution of green sulphate of iron followed 
by a diluted acid, produces with a soluble cyanide, Prussian blue. When 
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heated to redness, out of contact of air, the cyanides of potassium and 
sodium undergo no change, but if heated with exposure to air, or in contact 
with substances containing oxygen, cyanates of the alkalies are produced. 
They are powerful deoxidizers. Cyanide of potassium, owing to its fusibility, 
and its deoxidizing action, has been usefully employed in the arts for the 
soldering of metals. It removes every particle of oxide, and produces a 
clean surface for the solder. 

Cyanogen and Chlorine.— These bodies unite to form gaseous, liquid 
and solid compounds, which are isomeric. The gaseous compound (Cy,Cl) 
may be obtained by placing a small quantity of powdered cyanide of mercury, 
moistened with water, in a vessel of chlorine, taking care that it is kept in 
the dark. In a few days the chlorine will be replaced by the gaseous chloride. 
On cooling the vessel to zero, the chloride is deposited in crystals, which are 
soluble in water. (Serullas.) 

The odor of this gas is pungent and irritating. It does not redden litmus, 
or precipitate a solution of nitrate of silver. (Pelouze.) After some time 
it is spontaneously decomposed into carbonic acid and hydrochlorate of 
ammonia. This gas is composed of a volume of each of its constituents, 
which unite without condensation. The specific gravity is 2-1244, which 
nearly corresponds to the sum of the specific gravities of chlorine and cya- 
nogen, 2-48t6+l-1966-^2=2-1421. 

Liquid Ghloride (CygCl^). — This is obtained from the sa'me substances as 
the previous compound ; but in this case the vessel must be exposed to sun- 
light. This chloride is a heavy, yellow, oily-looking liquid, insoluble in 
water, but soluble in alcohol. 

Solid Ghloride (CygClg). — This is a white solid crystalline substance at 
common temperatures. It is not very soluble in cold water, and is decom- 
posed by boiling water into hydrochloric and cyanuric acids. It may be 
procured by adding a small quantity of hydrocyanic acid to a vessel of dry 
chlorine, and exposing it to the solar rays. These compounds are deadly 
poisons. 

Bromide of Cyanogen (CyBr) is a colorless solid of a pungent odor, ob- 
tained by the reaction of bromine on cyanide of mercury. 

Iodide of Cyanogen (Cyl) is a volatile solid resembling the bromide. It 
is obtained by the action of iodine on the cyanide of mercury. Both are 
poisonous. 

Cyanogen and Sulphur. Sulphocyanogen (C2NS2=CyS2).—Liebig 
obtained this compound radical by saturating a concentrated solution of 
sulphocyanide of potassium with chlorine, as well as by boiling a soluble 
metallic sulphocyanide in diluted nitric acid. It falls in the form of a 
yellow precipitate, which preserves its color when dry ; it is insoluble in 
water, alcohol, and ether, but soluble in hot sulphuric acid, from which it is 
again thrown down by water. It is decomposed by concentrated nitric acid : 
when heated with potassium— sulphide, cyanide, and sulphocyanide of po- 
tassium are formed ; subjected to dry distillation, it yields sulphide of carbon, 
and ultimately nitrogen and cyanogen. 

Sulphocyanio Acid. Hydrosulphocyanic Acid (CySg,H). — The aqueous 
solution of this acid may be obtained by decomposing basic sulphocyanide 
of lead by diluted sulphuric acid, taking care to leave excess of the salt of 
lead, which may be afterwards removed by sulphuretted hydrogen. It is 
also formed when sulphocyanide of lead or of silver, diffused through water, 
is decomposed by a current of sulphuretted hydrogen gas. 

The hydrated hydrosulphocyanic acid is colorless, easily decomposed by 
exposure to air or heat, yielding, among other products, a peculiar yellow 
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insoluble powder (Mellone, see page 262). Chlorine and nitric acid abstract 
its hydrogen, and evolve sulphocyanogen ; by their prolonged action, cyanic 
and sulphuric acids are formed, and ultimately ammonia. It reddens the 
solutions of persalts of iron. It exists in a combined state in the seeds of 
certain cruciferous plants (mustard), and in the saliva of man and the sheep. 
Sidphocyanides. — These salts are procured by neutralizing sulphocyanic 
acid with the respective bases, or by the action of hydrocyanic acid on poly- 
sulphides. The alkaline compounds are soluble in water and alcohol. They 
are identified by the deep red color which is produced, when a persalt of 
iron is added to their aqueous solutions. This reaction is employed for the 
detection of hydrocyanic acid (p. 269). The red color is destroyed by solu- 
tions of corrosive sublimate and chloride of gold. They give white pre- 
cipitates with the salts of silver, and lead, and a gray precipitate with sub- 
salts of mercury. The sulpkocyanide of silver readily changes by light ; it 
is not soluble in nitric acid, which gives a reddish color to the liquid, but 
it is dissolved by an excess of the alkaline sulphocyanide. Chloride of sodium 
produces no precipitate in this solution. The sulphocyanide of lead is soluble 
in nitric and acetic acids. With a salt of copper, a concentrated sulpho- 
cyanide gives a black precipitate ; when diluted, a white sulphocyanide of 
the metal is slowly formed. When heated to a high temperature, a sulpho- 
cyanide is decomposed, yielding nitrogen, cyanogen, sulphide of carbon, and 
a metallic sulphide. 

Eereocyanogen (FeCy3=Cfy) and Ferricyanogen (Fe3Cyg,==Cfdy) are 
compound radicals, in which metallic iron is an important constituent. 
These will be again referred to in the description of that metal. Ferrocy^ 
anides. — The compounds formed with the alkalies are soluble in water, the 
others are insoluble. The soluble salts are yellow in thehydrated, and white 
in the dehydrated state. The persalts of iron give, with the soluble ferro- 
cyanides, a deep blue precipitate (Prussian blue) 3Cfy,4Fe. The pure pro- 
tosalts of iron give a white precipitate (protoferrocyanide of iron) becoming 
blue by exposure to air, oxygen, or chlorine. This has already been described 
as a valuable test for oxygen in water (page 91). Sulphate of copper gives, 
with a ferrocyanide, even in an extremely diluted state, a reddish-colored 
precipitate, ferrocyanide of copper (Cfy2Cu). The alkaline /ern qv ferrid- 
cyanides are crystalline salts of a ruby-red color. 'They are recognized by 
the action of a protosalt of iron, which produces with them a blue precipitate 
(2Cfdy,3Fe). A persalt of iron darkens the solution, but there is no pre- 
cipitate of Prussian blue. A crystal of an alkaline ferricyanide produces, 
with a mixture of strychnia and concentrated sulphuric acid, a splendid 
blue, passing to a purple and red color. No such results are produced 
when a portion of an alkaline ferrocyanide is employed. 

Nitroprussides. — By the action of nitric acid on ferrocyanide of potas- 
sium, among other products, salts known as the nitroprussides are formed. 
This acid, like the ferrocyanic, is bibasic {see page 262). The salt of sodium 
(Na2Fe30y5,NO3) crystallizes in long red-colored prisms. It is soluble in 
water, but the solution is decomposed by light, Prussian blue being deposited. 
The test for a nitro-prusside, is a soluble alkaline sulphide, the smallest 
quantity of which produces a rich purple or crimson color, which, however, 
is not permanent (p. 214). The solution, although decomposed, is not 
colored by sulphuretted hydrogen alone. 

Melam (C^gN^iHg) is a product of the decomposition of sulphocyanide of 
ammonium. 

Melamin (CgJ^yHg) Ammelin {Q^^fi^ and Ammelid (C^gNgllgOg) are 
products of the decomposition of melam. They possess but little chemical 
interest. 
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Carbon and Sulphur. Bisulphide of Carbon. Sulphocarbonic Acid 
(CS3).-— This is a liquid compound which was discovered in 1796 by Lara- 
padius, while distilling a mixture of pyrites and charcoal ; he termed it alco- 
hol of sulphur. It may be obtained either by passing the vapor of sulphur 
over red-hot charcoal in a porcelain tube, or by distilling about six parts of 
yellow iron pyrites (bisulphide of iron) with one of charcoal. The charcoal 
should be in small fragments heated to full redness-— the sulphur vapor 
slowly passed through it, and the refrigerator and receiver should be cooled 
to 32^, or even below. Yessels of porcelain and coated earthenware answer 
best, although it is difficult to prevent loss by the escape of the vapor; iron, 
at the high temperature which is required, too easily combines with the sul- 
phur to render it conveniently available. The product is sometimes con- 
veyed by a glass tube into ice-cold water. 

When purified by redistillation at a low temperature with chloride of cal- 
cium, the bisulphide is a transparent, colorless liquid, insoluble in water, 
but soluble in alcohol and ether ; its refractive and dispersive powers in 
regard to light are very considerable. Inclosed in a prismatic bottle it serves 
for the spectral analyses of the alkaline and other metals. Its specific gravity 
is I •212. It boils at 110^, and does not freeze at — 60^. It is very volatile 
and inflammable, and has a pungent taste and peculiarly fetid odor. The 
liquid poured on paper and inflamed, commonly burns with a blue flame 
without igniting the paper. When poured on water, a portion sinks in 
globules like a heavy oil, while another portion floats. This may be ignited, 
and in the pale flame, iron-wire burns with great brilliancy. If burnt on 
blue infusion of litmus, this liquid is reddened. The cold which it produces 
during evaporation is so intense, that by exposing a thermometer bulb, 
covered with fine lint, and moistened with it, in the receiver of an air-pump, 
the temperature sank, after exhaustion, to 80^. When a mercurial ther- 
mometer was used the metal froze. The intensity of the cold is such that 
it appears to have the power of freezing a portion of the liquid {see page 
75). Asbestos or filtering paper placed in the liquid, soon acquires as a 
result of capillary attraction, a deposit of the solidified vapor. It is soluble 
in fixed and volatile oils, and it dissolves camphor, sulphur, phosphorus, 
and iodine. The readiness with which phosphorus dissolves in the bisul- 
phide of carbon is remarkable, and the amount considerable — one part of 
the bisulphide taking up twenty parts of phosphorus. The solution is occa- 
sionally used to give a thin film of phosphorus to delicate articles intended 
to be coated with metals : they are dipped into it, and then into a solution 
of silver or copper, by which a film of the metal is reduced upon the sur- 
face: upon this other metals maybe precipitated by the electric current. 
The solution of phosphorus is a powerful and often useful deoxidizer (page 
221). When the vapor of bisulphide of carbon is passed over heated lime 
or baryta, it produces ignition, and carbonates of these bases, together 
with sulphides of calcium and of barium are formed. It is also decomposed 
by potassium, copper, and iron at a red heat. Under the influence of dry 
chlorine, it yields chloride of sulphur and perchloride of carbon. 

The vapor of this liquid is very heavy, and may be decanted from one 
vessel into another. Pour the vapor into a small jar containing a solution 
of blue litmus, and ignite it : it will burn with a pale blue flame, producing 
sulphurous acid— known by its peculiar odor — and the litmus will be reddened. 
If a mixture of starch and iodic acid is placed in another jar, into which 
the vapor is poured and ignited, blue iodide of starch will be produced (page 
202). The vapor is not decomposed by mere heat, but at a temperature of 
600° it takes fire in air, and burns with explosion. Pour a small quantity 
of the liquid sulphide into a jar of 200 c.i. capacity, and after a few minutes, 
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when the vapor is diffused, apply a lighted taper to it : the vapor will burn 
with a slight explosion producing a deposit of sulphur. It requires three 
volumes of oxygen for its perfect combustion ; and sulphurous and carbonic 
acids are the only products (S2C + 60=C02-f SSO^). As it is burnt in a 
jar, sulphur is deposited, the air not being in sufficient quantity to consume it. 
Bisulphide of carbon appears to be frequently formed during the produc- 
tion of gas from coal, and to be retained in the state of vapor by the coal-gas 
after its purification by lime. This impurity gives a sulphurous smell to the 
gas when burned, although so perfectly deprived of sulphuretted hydrogen, 
as not to discolor carbonate of lead. The Rev. Mr. Bowditch has found 
that when coal-gas containing this vapor is passed over hydrate of lime, 
heated below the melting-point of lead, sulphide of calcium is produced, and 
sulphuretted hydrogen is set free ; this gas may be subsequently separated 
by the hydrated oxide of iron. This is the only method which has yet been 
suggested for removing this noxious impurity from coal-gas. When the 
vapor of the bisulphide is burned with pure oxygen, it forms carbonic and 
sulphurous acids. It consists of 

Atoms. Weights. Per cent. Vols. Sp. Gr. 

Carbon . . . 1 ... 6 ... 15-79 ... 1 ... 0-4145 
Sulphur . . . 2 ... 32 ... 84-21 ... i ... 2-2112 



Bisulphide of carbon . 1 38 100-00 1 2-6257 

The specific gravity of the vapor was found by Mitscherlich to be 2*640, 
which does not differ widely from that above given as the sum of the calcu- 
lated specific gravities of its constituents. Compared with hydrogen, the 
vapor has a specific gravity of 38. It is analogous to carbonic acid, the 
two atoms of oxygen being replaced by two atoms of sulphur. Mr. G-ore, 
who has compared the properties of the bisulphide, with those of liquid car- 
bonic acid, finds that in solvent powers and general properties, they are 
analogous. The bisulphide is a more powerful solvent of fatty substances. 

The vapor has been employed as an ansesthetic, but unsuccessfully. It is 
a narcotic poison. The liquid sulphide is manufactured on a large scale, 
and is extensively employed as a solvent of sulphur and caoutchouc, in the 
manufacture of vulcanized rubber. It is also used for the separation of 
phosphorus and iodine from organic substances in cases of poisoning. It 
will not combine with alkalies, but it forms a class of salts with the alkaline 
sulphides known as sulphocarho^iates, represented by MS,CS2. These 
resemble the carbonates which are MOyCOg. It is obvious that, if according 
to the views of certain writers, a carbonate should be represented as M.COg, 
the sulphocarbonate would stand as M^CSg, a change for which no sufficient 
reason has been offered. The vapor of this liquid furnishes a most powerful 
means of sulphuration. At a red heat, nearly all oxides are converted by it 
into sulphides (Fremy). 

Tests.— The odor of the liquid, and the inflammability of the vapor, with 
the nature of the products of combustion, are sufficient to identify it. If 
pure, it should evaporate without leaving any residue. When the liquid is 
boiled with potassa containing oxide of lead dissolved, the presence of sulphur 
is indicated by the copious formation of brown sulphide of lead. It thus 
serves as a test for detecting the presence of oxide of lead as an impurity in 
a solution of potassa. 
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CHAPTEE XXI. 

BORON AND SILICON. BORACIC AND SILICIC ACIDS, 

BORON (B = ll). 

Boron is a solid metalloid found only in combination with oxygen, as bo- 
racic acid. It was discovered by Davy as a constituent of this acid in 180 1. 
Unlike carbon, it is an element which is but sparingly diffused, and is only 
found in the mineral kingdom. In the Lipari Islands and Tuscany it is de- 
posited in the form of boracic acid; but in most cases it is associated with 
alkaline or alkaline earthy bases, either in mineral deposits or as a constitu- 
ent of the w^aters of lakes and springs. Borate of soda or tincal is found in 
the waters of certain lakes in Ceylon, Thibet, and Tartary. Borate of lime, 
or daiholite, is found in Norway, Sweden, and in South America, while borate 
of magnesia, or horacite, is met with in Holstein. The South American 
mineral is a compound borate, being a mixture of borate of soda and borate 
of lime (NaO,2BO3+2CaO,3BO3+10HO). It is found in Peru in white 
kidney-shaped masses, called tiza, associated with the deposits of nitrate of 
soda. 

Preparation. — Boron may be procured in an amorphous state by heating 
anhydrous boracic acid finely powdered, to a temperature of about 300^, 
with twice its weight of potassium or sodium. The experiment may be per- 
formed in a copper or iron tube (B03+3K=3KO-f B). This substance is 
also obtained by melting in a cast iron crucible, a mixture of 10 parts of an- 
hydrous boracic acid, with 6 parts of sodium, and 4 or 5 parts of common 
salt. The salt aids the chemical changes, and forms an easily removable flux. 
The fused matter is washed out of the tube or crucible with water, and the 
whole put upon a filter. The boron remains in the form of a dark-colored, 
insipid, insoluble powder. The product is at first washed with diluted hy- 
drochloric acid and then with water. Berzelius obtained boron by decom- 
posing the borofluoride of potassium. This compound, in the state of dry 
powder, may be heated in a porcelain crucible with potassium ; the reduction 
goes on quietly, and the fused mass may be triturated with water, by which 
the boron is separated. It is then washed upon a filter with a solution of 
hydrochlorate of ammonia, and afterwards with alcohol. 

Wohler and Deville obtained boron in a crystallized state, by heating, to 
a high temperature, in a plumbago crucible, for five hours, 8 parts of alumi- 
num in large pieces, with 10 parts of anhydrous boracic acid. Boron and 
vitrified borate of alumina are produced. The metallic portion of the mass 
is treated with a boiling concentrated solution of soda, which removes the 
undecomposed aluminum; hydrochloric acid is subsequently added to remove 
the iron, and, lastly, nltrohydrofluoric acid to remove any silicon. In this 
process, aluminum passes to the state of alumina, at the expense of the oxy- 
gen of the boracic acid (B03+2Al=Al303 + B). The boron thus obtained 
may, by repeated fusions with aluminum in excess, be obtained in hard crys- 
tals. These, however, retain both carbon and aluminum. By this process, 
Wohler and Deville procured three varieties of crystallized boron: 1, black 
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and opaque brittle laminse, which have the lustre and nearly the hardness of 
the diamond; these crystals consist of 91*60 of boron, and 2*40 of carbon; 
2, long prismatic crystals, perfectly transparent and as brilliant as diamond, 
but not so hard as the first variety; these crystals contain 89*10 boron, 6*10 
aluminum, and 4*20 of carbon ; 3, minute crystals of a chocolate-red or pale- 
yellowish color, of a sp. gr. of 268. These are boron diamonds. They are 
as hard as the diamond, and will scratch its surface. 

Properties. — Amorphous boron is a deep olive-colored substance, infusible, 
inodorous, insipid, and a non-conductor of electricity. Its specific gravity 
exceeds 2. It is not acted upon by air, water, either hot or cold (at least 
after it has been heated to redness), alcohol, ether, or the oils. In the state 
of hydrate, it long remains diffused through pure water, especially if free 
alkali is present, and it even passes through filters; but its precipitation is 
accelerated by saline solutions (sal ammoniac). It undergoes no change 
when heated in close vessels; but when nearly red-hot in the air (600^), it 
takes fire and burns with difficulty into boracic acid, chiefly on the surface. 
According to Despretz, it becomes denser and more closely aggregated at a 
full red heat; and under a powerful galvanic battery, it has been fused into a 
black bead. It is more easily oxidized by the action of nitric acid: the pure 
hydracids at common temperatures have no action upon it, but nitrohydro- 
chloric acid converts it into boracic acid, and nitrohydrofiuoric acid into 
fluoride of boron. At a high temperature, it rapidly decomposes nitre with 
explosive violence ; under the same circumstances, it also decomposes and 
deflagrates with the hydrate and carbonate of potassa: in the former case 
water is decomposed, and hydrogen evolved; in the latter, carbonic oxide is 
evolved in consequence of the decomposition of carbonic acid ; in both cases 
borate of potassa is the result. 

A boiling solution of potassa or soda has no action on boron. At a high 
temperature, boron deoxidizes most oxides and metallic salts. It inflames 
and burns in deutoxide of nitrogen, forming boracic acid and nitride of boron. 
It burns in chlorine, when slightly heated, and also in vapor of bromine, pro- 
ducing a chloride and bromide of boron. With hydrochloric acid it also 
produces a chloride, with the evolution of light and heat. At a full red heat 
it decomposes aqueous vapor, forming boracic acid and setting hydrogen 
free ; a portion of the boracic acid is at the same time vaporized with water. 
Boron forms no compound with hydrogen, but it readily combines with nitro- 
gen to form a nitride. This may be produced by heating the metalloid in a 
current of ammoniacal gas ; hydrogen is liberated. When boron is heated in 
the vapor of sulphur, the two bodies combine to form sulphide of boron. 
The production of boracic acid in some of the hot springs of Tuscany, has 
been ascribed to the decomposition of sulphide of boron issuing with aqueous 
vapor from the volcanic soil. Boracic acid and sulphuretted hydrogen are 
among the products (BS3 4-3HO=B03 + 3HS). When boron is strongly 
heated with boracic acid or borax, it fuses with the substance, producing a 
vitreous compound of a black or brown color, resembling smoky quartz. 
When very strongly heated in a close vessel, it acquires a chocolate-brown 
color, and closely resembles, in appearance, amorphous silicon. (Wohler 
and Deville.) Crystallized or adamantine boron has been heated to the 
temperature at which iridium melts, without undergoing any change. Its 
sp. gr. is 2*68. It resists the action of oxygen at very high temperatures; 
but at the degree of heat at which diamond will enter into combustion, the 
boron diamond will burn in oxygen. Owing to the surface becoming rapidly 
covered with a layer of melted boracic acid, the combustion soon ceases. 
Chlorine combines with it at a red heat; and when a crystal of boron is 
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heated between layers of platinum -foil, it combines with and causes the fusion 
of the metal. 

Boron and Oyygen. Boracio Acid (BO3). — This acid, which is a 
crystalline solid, is the only known compound of boron and oxygen. It 
was first obtained by Homberg, in 1702, and was used in medicine under the 
name of sedative salt. Its composition was demonstrated by Davy in 1801. 
It is usually obtained by dissolving one part of borax in four parts of hot 
water, and subsequently adding half its weight of sulphuric acid. As the 
solution cools, white scaly crystals appear, which, when washed with cold 
water, are nearly tasteless ; they consist of boracic acid combined with about 
40 per cent, of water : they retain a portion of the acid employed, which may 
be driven off at a red heat. A hot saturated solution of borax may also be 
decomposed by hydrochloric acid (NaO,2B03+HCl=]S[aCl-f HO + 2BO3) : 
the hydrated boracic acid, which falls as the liquid cools, should be washed 
in cold water and dried. When it is heated in a platinum crucible, it fuses 
into a hard transparent glass, and by being thus heated, it loses any traces of 
hydrochloric acid which may be mixed with it. The following proportions 
will be found convenient for the production of the acid : 4 parts of borax 
dissolved in 10 parts of boiling water may be decomposed by 2-| parts of 
concentrated hydrochloric acid. 

The specific gravity of the acid before fusion is 1*48, and after fusion 
l*83t. At a white heat, this acid slowly sublimes when exposed to air. It 
sometimes happens, that flashes of electric light are observed during the 
spontaneous cracking of a mass of fused boracic acid. 

The crystallized hydrate ofhoracic acid (B03,3H0) is soluble in about 25 
parts of cold, and 3 of boiling water. The latter solution, as it cools, de- 
posits the acid in pearly scales ; it is also soluble in pure alcohol, to the 
flame of which it communicates a beautiful green color. It is dissolved by 
several of the strong acids, especially the sulphuric. It has little taste, and 
feebly reddens vegetable blues ; it renders turmeric brown like an alkali. 
The anhydrous acid (BO3) becomes opaque when exposed to air ; it is very 
fusible, and forms with many of the metallic oxides a glassy-looking sub- 
stance variously colored ; it is often used as a flux, and in the soldering of 
metals. Ebelmen has in this way employed it as a solvent of certain metallic 
oxides, which have afterwards been obtained from it in the form of crystals, 
so as to imitate native mineral products {Ann. Gh. and Ph, Seme Ser. xxii. 
211), such as the ruby and emerald. When boracic acid is perfectly pure, 
and is slowly deposited from its aqueous solution, it forms small prismatic 
crystals ; it is more commonly seen in scaly crystals. 

(7ow^p<9s^Wow.— Boron, when burned, or acidified by nitric acid, combines 
with about 68 per cent, of oxygen; and with this proportion the theoretical 
estimate of Berzelius coincides. There is, however a difference of opinion 
as to the atomic constitution of boracic acid, and the equivalent of boron. 
Boracic acid is generally represented as BO3, and the equivalent of boron 
will thus be 10*8. Adopting 11 as the equivalent, anhydrous boracic acid 
will be constituted of 

Atoms. Weights. Per cent. 

Boron .... 1 ... 11 ... 31-32 
Oxygen .... 3 ... 24 ... 68-78 

Boracic acid ... 1 35 100-00 

The crystallized hydrate will consist of 56*4 anhydrous acid and 43*6 per 

cent, of water. The crystals of the acid, when dried at 212^, lose half their 

water. 
Boracic acid is a feeble acid : it decomposes the solutions of the alkaline 
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carbonates when moderately heated ; but concentrated solutions of borates 
are decomposed by nearly all other acids. Owing to the fixed nature of 
boracie acid, it expels at a full red heat, the sulphuric and phosphoric acids 
from the sulphates and phosphates. It has no action on the alkaline chlo- 
rides, unless water is present, in which case a borate of the alkali is formed^ 
and hydrochloric acid is set free. Hydrogen and carbon have no action 
upon the acid at the highest temperatures, unless chlorine is present. Under 
these circumstances the acid is decomposed and carbonic oxide and chloride 
of boron are produced (BOg+SC + SCl^BClg + SCO). It is deoxidized at 
a high temperature by potassium, sodium, and aluminum. The chief supply 
of boracic acid is from the district of Monte Cerboli and Sasso, in Tuscany. 
It is much employed as a flux for colors in the manufacture of porcelain. 

Tests.- — Boracic acid may be identified : 1. By its fusibility and fixedness at 
high temperatures ; 2. By its sparing solubility in water and its entire solu- 
bility in boiling solutions of alkalies and alkaline carbonates, in the latter 
with effervescence ; and 3. By its rich green color which it communicates 
to the flame of strong alcohol. Oxide of copper gives a similar tint, but 
this may be easily excluded. 

Borates.-^l. The alkaline borates are soluble in water, and have an alka- 
line reaction. 2. When the solution is concentrated by evaporation, if neces- 
sary, hydrochloric acid will throw down scaly crystals of boracic acid. 3. A 
salt of baryta throws down a white precipitate, soluble in nitric acid and 
even in an excess of water. 4. Nitrate of silver gives, with a soluble borate, 
if concentrated, a white precipitate, soluble in nitric acid ; if diluted, a brown 
precipitate (oxide of silver). Arsenio-nitrate of silver gives a yellow pre- 
cipitate with a borate, whether the solution is concentrated or diluted. 
These precipitates are soluble in nitric acid. 5. Sulphate of magnesia does 
not precipitate a concentrated solution of a borate in the cold ; but white 
borate of magnesia is thrown down on boiling the mixture. 6. Add sul- 
phuric acid to the borate, and then a small quantity of alcohol, ignite the 
mixture, and the appearance of a green flame will show the presence of 
boracic acid. This acid may be expelled from all minerals, by heating the 
powdered solid with a mixture of sulphuric and hydrofl^uoric acids. It 
escapes as fluoboric acid gas. A borate melts and forms a glassy-looking 
substance at a high temperature. 

Nitride of Boron (BN) has been already referred to. It is an amor- 
phous white light powder. It was discovered in 1842 by Mr. Balmain, who 
gave to it the name of Ethogen, It is most readily obtained by heating to 
bright redness, in a platinum crucible, a mixture of two parts of dried sal 
ammoniac and one part of anhydrous borax, or an equivalent proportion of 
boracic acid. A white porous substance remains, from which the chloride 
of sodium may be removed by washing. It may also be procured by cal- 
cining a mixture of borax and ferrocyanide of potassium in a covered crucible. 

The nitride of boron is an amorphous powder, insoluble, infusible, and 
fixed. It has neither taste nor smell. It burns under the blowpipe with 
a brilliant flame of a greenish-white color. When heated in a current of 
aqueous vapor, it produces ammonia and boracic acid (borate of ammonia). 
Heated with hydrate of potassa it yields ammonia. It is a powerful deox- 
idizer at a high temperature. Its most remarkable property is, that when 
calcined with dry carbonate of potassa, it yields borate and cyanate of potassa, 
so that it decomposes carbonic acid, the carbon of which unites with the 
nitrogen to form cyanogen (BN+2(KO,C03)=KO,B03-l-KO,NC30); if 
excess of the nitride is used, cyanide of potassium will also be formed. This 
appears to be the compound from which native boracic acid is sometimes 
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formed in volcanic districts. Mr. Warington examined a substance brought 
from Yulcano, one of the Lipari Islands, and found it to possess all the pro- 
perties of the artificial nitride of boron. Boracic acid was found condensed 
like drifted snow, within the crater of this volcano, and at a few inches 
below the surface, there was a mass of sal ammoniac. As ammonia is com- 
monly found associated with native boracic acid, it is not improbable that 
these are products of the decomposition of nitride of boron by aqueous vapor 
(BN+3HO==B03-i-NH3). 

Chloride of Boron (BCI3).— This is a volatile liquid compound of the 
two elements. It may be procured by passing dry chlorine over heated 
boron, or over a mixture of dry boracic acid and charcoal heated to redness. 
The vapor is here mixed with carbonic oxide (BOg-fSC + SCl^BClg + SCO). 
The chloride is a highly refracting liquid of sp. gr. 1-35, boiling at a tem- 
perature of 590. Its vapor has a density of 4-Ot. It is resolved by water 
into boracic and hydrochloric acids (BCl3-f-3HO=3HCl-fB03). There is a 
liquid bromide (B,Br3) resembling the chloride. 

Fluoride of Boron. Fluoborio Acid (BFg). — This is a gaseous com- 
pound, which may be obtained by heating a mixture of vitrified boracic acid 
and fluor-spar (fluoride of calcium) to whiteness ; fluoboric acid passes over 
as a gas, and biborate of lime remains in the tube (7B03+3CaF=3[CaO,2 
BOgj+BFg). The gas may also be procured by heating in a glass retort, 
over a lamp, a mixture of 1 part of vitrified boracic acid, 2 parts of finely 
powdered fluor-spar, and 12 parts of sulphuric acid; but in this case, it is 
generally contaminated by fluosilicic acid gas, derived from the glass. It 
must be collected over dry mercury (B03+3CaF+3(S03,HO)=3(CaO,S03) 
+ 3HO+BF3). 

Fluoboric acid gas, according to Dr. Davy, has a specific gravity of 2*31 ; 
it is colorless, of a pungent, suffocating odor, highly deleterious when 
breathed, and it extinguishes flame. The gas strongly reddens litmus ; and 
when bubbles of it are allowed to escape into the air, they produce remark- 
ably dense white fumes, in consequence of their eager attraction for, and 
combination with aqueous vapor. It is thus a good test of humidity. Water 
takes up TOO times its volume of the gas, increasing in volume and density, 
and forming a caustic and fuming solution, in which Berzelius found boracic 
and hydrofluoric acids in combination (borohydrofluoric acid): it would seem, 
therefore, that fluoboric acid gas decomposes water, and that the hydrogen 
of the water unites to the fluorine to form hydrofluoric acid, and the oxygen 
to the boron, to form boracic acid (BF3 + 3HO=3HF+B03.) When the 
solution is concentrated, the hydrofluoric and boracic acids again decompose 
each other, and the original compound is reproduced. Neither the gas nor 
the liquid acid act upon glass, but they speedily decompose almost all organic 
substances : a piece of paper introduced into the gas standing in a tall jar 
over mercury, causes its rapid absorption, and becomes charred as if burned, 
in consequence of the abstraction of the elements of water. When potas- 
sium is heated in fluoboric acid gas, it burns, and a brown compound results, 
consisting of boron and fluoride of potassium ; the latter may be dissolved 
in water, and pure boron remains. The gas gives a green color to the 
flame of alcohol. It forms in equal volumes a solid white volatile compound 
with ammonia, both gases being in the anhydrous state. This compound 
is decomposed by water, and is converted into hydrofluate and borate of 
ammonia. 

As the vapor densities of fluorine and boron are unknown, it is impossible 
to assign the volumetric constitution of the fluoride. The gas contains in 100 
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parts, by weight, 16 'IT of boron and 83*83 of fluorine, or one atom of boron 
and three atoms of fluorine. 

SILICON (Si=22). 

Silicon, like boron, may be obtained in the amorphous or crystalline state. 
It so closely resembles boron in one of its crystalline modifications (the 
graphitic), that the two metalloids cannot be distinguished by their appear- 
ance. In 1824, Berzelius first procured pure amorphous silicon, by decom- 
posing at a high temperature, the silico-fluoride of potassium with an excess 
of the metal. Wohler and Deville have since improved upon his process ; and 
they have first brought to the knowledge of chemists, that silicon might be 
procured in two, or, according to them, in three allotropic conditions — 
namely, the amorphous, graphitic, and the regular crystalline forms. 

Preparation. — Amorphous or pulverulent silicon may be obtained by 
heating in an iron tube, a mixture of one part of the double fluoride of 
silicon and potassium (BKF,2SiF3) (or the hydrofluosilicate of potassa), 
with nine parts of potassium. (The double fluoride is itself obtained by 
saturating hydrofluosilicic acid with a strong solution of potassa, washing 
the precipitate, and drying it thoroughly below a red heat.) In heating the 
mixture, the mass becomes suddenly incandescent, and the following changes 
take place: (3KP,2SiF3-f 6K=9KF + 2Si). The residue, when cooled, is 

treated with cold water, some hydrogen escapes from the decomposition of 
a portion of silicide of potassium, formed in the process, and silicon is 
precipitated in an insoluble form. After the liquid, used in washing the 
precipitate, ceases to be alkaline, hot water is employed in order to remove 
any undecomposed double fluoride ; and the silicon remains as a dark brown 
powder. The decomposition of the vapors of the fluoride and chloride of 
silicon, in passing them through a heated tube containing potassium or 
sodium, furnishes other methods of procuring this metalloid. 

The most economical process for obtaining crystallized silicon, according 
to Caron, is to project quickly into a red-hot crucible (provided with a 
cover, also kept red-hot) a mixture of 80 parts of dried silico-fluoride of 
potassium, with 40 parts of pure granulated zinc, and 8 parts of sodium, in 
small pieces. The mass is removed from the crucible when cooled ; and 
while the lower part contains the ingot of zinc, the crystallized silicon will 
be found adhering to the upper portion of this metal. The greater part of 
the zinc is run out by raising the mass to its melting-point; and the small 
quantity which adheres to the silicon, and any iron that may be present are 
removed by digesting the mass in concentrated hydrochloric acid. If lead 
is present, this should be removed by nitric acid ; the pure silicon which 
remains, may be washed and dried. The silicon thus obtained may be melted 
by mixing it with the double fluoride and coarsely-powdered glass, and 
heating the mixture in a double crucible to the melting-point of iron. A 
globule of silicon is formed in the midst of the glass and slag. These sub- 
stances may be removed mechanically, and any adhering traces, by immersing 
the silicon in concentrated hydrofluoric acid, which has no action on this 
substance. 

The scaly crystals, or graphitic silicon, were obtained by Deville in decom- 
posing the dry double fluoride by aluminum, at the melting-point of silver : 
silicide of aluminum was produced. This compound, treated first with 
boiling hydrochloric acid, and afterwards with hydrofluoric acid, left pure 
silicon in scales resembling graphite : the aluminum and any silica produced 
in the process, being completely removed by the two acids (8KF,2SiF3+ 

5Al=3KF + 2Al3F3+A12Si). 100 parts of aluminum gave by this process 
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from 30 to 80 parts of silicide, containing from 65 to T5 per cent, of its 
weight of silicon. The aluminum appears to determine the crystalline form 
of the silicon, under these circumstances, just as cast-iron affects carbon, in 
producing artificial graphite. In decomposing the vapor of chloride of 
silicon by aluminum in a vessel containing hydrogen, Wohler and Deville 
obtained silicon in hard hexahedral prisms of an iron-gray color, and of a 
reddish tint, by reflection. These crystals, like diamond, had the property 
of scratching glass, and even cutting it. 

Properties. "^Amorphous silicon is a dark brown powder, less fusible than 
boron, but still capable of being melted between the poles of a powerful 
voltaic battery, or by fusion, as in the process above described. It is insolu- 
ble in water, hot or cold. It is a non-conductor of electricity. Nitric^ 
hydrochloric, and sulphuric acids, whether separately or mixed, have no 
action upon it, even when boiled. It may be exposed to a very high tem- 
perature in close vessels, without any other change than an increase of hard- 
ness and density ; but if heated in air or oxygen before it has been thus 
calcined in close vessels, it will take fire, and burn superficially, the silicic 
acid formed melting and protecting the residuary silicon from continued 
combustion. A full red heat in a covered platinum crucible, appears to 
produce an allotropic change in this substance. Pulverulent silicon, in the 
amorphous state, decomposes cold hydrofluoric acid, as well as a concentrated 
hot solution of potassa, hydrogen being liberated in both cases, and silicon 
dissolved. A fluoride is formed with the acid, and a soluble silicate with the 
alkali. Silicon, heated to full redness, acquires so great a density, that it 
sinks in sulphuric acid ; and it loses the property of burning in oxygen or 
air, even when heated in the flame of the blowpipe. Hydrofluoric acid 
and a boiling solution of potassa are not decomposed by it ; but nitro- 
hydrofluoric acid alone dissolves it, with the evolution of deutoxide of nitro- 
gen. (Fremy.) 

When heated with an alkaline carbonate at the temperature of fusion, a 
silicate of the alkali is formed, carbonic acid is decomposed, and carbonic 
oxide escapes. If the silicon is in large proportion, this gas is even deoxi- 
dized, and carbon is set free. This shows that silicon has a stronger affinity 
for oxygen than carbon, and that its deoxidizing powers are equal to those 
of the alkaline metals. It does not decompose nitrate of potassa at a dull 
red heat, unless this salt is mixed with a portion of carbonate, when deoxi- 
dation takes place with explosive violence. At full redness decomposition 
is produced without the addition of the carbonate. It is oxidized by the 
hydrated alkalies in the melted state, but it has no action on boracic acid or 
borax, at the temperature of fusion. When heated in a current of chlorine, 
it undergoes combustion and forms a volatile chloride. It fuses with platinum, 
when melted in this metal, or as it is evolved in the nascent state. It is 
said to combine with hydrogen, to form a gaseous silicide of hydrogen. 
This gas is spontaneously inflammable in air, like phosphide of hydrogen, 
burning with a bright white flame, and producing wreaths of vapor of white 
silicic acid. The gas is decomposed at a red heat, silicon being deposited, 
and it detonates violently when mixed with chlorine. Its constitution has 
not been determined. 

Crystallized silicon in the graphic state, possesses most of the chemical 
properties assigned to amorphous silicon which has been intensely heated. 
It has the color and lustre of iodine, is very hard, and has a specific gravity 
of 2 '49. It is a good conductor of electricity. It is insoluble in all acids 
excepting the nitro-hydrofluoric. It decomposes fused carbonate of potassa 
at a red heat ; and, at the same temperature, burns in chlorine, forming a 
chloride. 
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Silicon and Oxygen. Silicic Acid (SiOg). »Si7zc«.— This is an abun- 
dant natural product. It is a constituent of every soil, and is found more 
or less in all spring, river, and sea-waters. Under the form of sand and 
sandstone, it covers a large portion of the surface of the earth, and it is found 
in all rocks, from the most ancient to the most recent. Granite, felspar, and 
all the varieties of natural clays, contain a large proportion of silicic acid 
in combination with alumina, oxide of iron, lime, magnesia, and other bases. 
While carbon, the first member of this group of metalloids, is the main con- 
stituent of the organic, silicon, in the form of silicic acid, is the chief con- 
stituent of the inorganic kingdom. It is, however, not an unimportant con- 
stituent of organic matter. The cuticle or epidermis of the grasses, and of 
the husks of grains, is constituted of silicic acid. The cuticle and scaly 
hairs of Deutzia contain a large quantity of this substance. In the Eqiii- 
setacece, the whole structure of the vegetable is so penetrated by it, that a 
complete skeleton of the vegetable structure in silicic acid, may be obtained. 
Silica is found, more or less, in the ashes of all vegetables, especially of 
those which grow on sandy soils. In some species of plants it forms 13 per 
cent., and in others 50 per cent, of the ash. According to Johnston, it 
forms 65 per cent, of the ash of wheat-straw, and 14 per cent, of that of 
rice-straw. In the bamboo {Bamhusa arundinacea) silica is often collected 
at the joints in masses : and to these the name of tabasheer is given. The 
long, slender, and hollow stems of the grasses, derive their strength from 
their silicious covering. The silica is generally deposited in plates, grains 
or needles : on the leaves of deutzia scabra, it is deposited in a stellated 
form. 

It is but sparingly diffused in the bodies of man, and the higher orders of 
animals ; but it constitutes the skeleton of whole tribes of infusoria. The 
substance called mineral flour, or mountain-meal {Bergmehl), is almost entirely 
constituted of the silicious skeletons of infusoria. A specimen of this sub- 
stance, obtained by Dr. Traill from Swedish Lapland, and analyzed by him, 
was found, in the dry state, to consist of T1'13 parts of silicic acid, 22 of 
organic matter, 5 -31 of alumina, and 0'15 of oxide of iron. The cells of 
the Diatomaece have silicious coverings, which enable them to retain their 
form, even after digestion in strong acids. 

The following are the principal minerals which contain silicic acid (silica), 
pure, or nearly so. 

Eock-crystalj or quartz, which may be considered as pure anhydrous silicic 
acid (silica). It crystallizes in the form of a six-sided prism, terminated by 
six-sided pyramids. Some varieties are perfectly transparent and colorless ; 
others white (milk-quartz) and more or less opaque. Its specific gravity is 
2*6. It is so hard as to give sparks when struck with steel, and is nearly in- 
fusible. The primitive crystal, which is rare, is an obtuse rhomb, the angles 
of which are 94^ 24', and 85^ 36'. The finest and largest specimens of quartz 
are brought from Madagascar, the Brazils, and the Alps. The small and 
perfectly transparent crystals found near Bristol and in Cornwall, are some- 
times called Bristol and Cornish diamonds. The finest crystals are cut into 
ornaments, and are used as a substitute for glass in spectacles; they are then 
termed pebbles ; they are harder and do not so readily become scratched as 
glass. The refractive power of rock-crystal is the same as that of glass, 
being about 1*6. Water is 1*3, and the diamond 2'4T. Owing to this dif- 
ference, the lustre and brilliancy of rock-crystal is far inferior to that of 
diamond. Quartz is also of lower specific gravity, and although hard 
enough to scratch glass, its surface is easily scratched by the diamond, as 
well as by the topaz and ruby. Brown and yellow crystals of quartz are 
found in great beauty in the mountain of Cairn Gorm, in Scotland. This 
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variety of quartz is sometimes called Scotch topaz ; it varies in color from a 
pale yellow to a deep amber tint. The color may be due to the presence of 
traces of carbon or silicon. The brown quartz varies much in shade from a 
smoky to a very deep tint: the color is probably due to a similar cause. Fine 
samples of smoky quartz are found in Switzerland. Purple quartz, or ame- 
thyst, is found in India, Ceylon, and Persia : it owes its color to traces of 
iron and manganese. Rose-quartz derives its color from manganese. Prase^ 
or green quartz, is colored with oxide of iron ; and chrysoprase is tinged of 
a delicate apple-green by oxide of nickel. Aventurine is a beautiful variety 
of quartz, of a rich brown color, which is filled with bright spangles of golden 
mica; the finest specimens are from Cape de Gatte in Spain. The artificial 
aventurine is a variety of glass, containing tetrahedral crystals of metallic 
copper produced by fusion. Small crystals of quartz, tinged with iron, are 
found in Spain, and have been termed hyacinths of Compostella. 

Chalcedony, Garnelian, OnyXj Sardonyx^ and Blood-stone, or Helioti-ope, 
and the numerous varieties of Agates, are principally composed of quartz, 
with various tinging materials, chiefly oxide of iron. Flint owes its black 
color apparently to organic matter. When heated in a current of air to a 
very high temperature, it yields white amorphous silicic acid, nearly pure, 
with a trace of oxide of iron. 

Opal is among the most beautiful productions of the mineral world ; it is 
a compound of about 90 silicic acid and 10 water, and is distinguished by its 
very brilliant play of iridescent colors. The finest specimens come exclu- 
sively from Hungary. There is a variety of opal called hydrophayie, which 
is white and opaque until immersed in water; it then resembles the former. 
The proportion of water with which silica is combined in the different varie- 
ties of opal, is liable to so much variation, that they can scarcely be regarded 
as definite hydrates. 

Gomrrion opal is usually of a dirty white color, and does not exhibit the 
colors of the noble opal ; it contains silicic acid and water, with a little oxide 
of iron, and is not of unfrequent occurrence. Wood-opal is opaque, of a 
brown color, and of a ligneous appearance. Jasper is a perfectly opaque 
variety of silica, containing oxide of iron, and of a red, brown, or green 
color ; these colors often alternating and giving a striped appearance to the 
substance. Black jasper, or Lydian quartz, forms the touchstone of jewellers. 

The term chalcedony, from Chalcedon in Bithynia, near to which it is 
found in large quantity, is applied to a variety of bluish and translucent sta- 
lactitic quartz, sometimes of a milk-white or a gray color. The milk-white 
variety forms white carnelian, and the red variety forms red carnelian. 
When brown and opaque-white chalcedony occurs in alternate layers, it 
constitutes the onyx. If the color is of a deep brownish-red, or by trans- 
mitted light, blood-red, the stone is termed sard. Alternate layers of sard 
and milk-white chalcedony, constitute Sardonyx. Heliotrope has a deep 
green color: it derives its name of blood-stone from the bright red spots of 
peroxide of iron scattered through it. It is found in Siberia and Iceland. 
(Thomson.) Mocha-stone is chalcedony containing dendrites, usually of a 
black or brown color; but sometimes green, and resembling certain mosses. 
Hence the term moss-agates. The filaments which have the appearance of 
vegetable fibres appear to be owing to the infiltration of iron, manganese, 
or their compounds. Mocha-stone is chiefly brought from Arabia. Agate 
has a basis of chalcedony, with sometimes crystals of quartz or amethyst 
in the centre. It consists of alternate layers of chalcedony, quartz, jasper, 
heliotrope, or opal, the layers being occasionally disposed in an angular form 
(fortification agates) and variously colored. It is found in Saxony, Bohemia, 
Siberia, Iceland, and the Isle of Skye. This substance is useful to the che- 
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mist, as it is turned into mortars for grinding hard substances. The order 
of hardness usually adopted by mineralogists is as follows : 1. talc ; 2. gyp- 
sum ; 3. calcareous spar ; 4. Jluor-spar ; 5. phosphate of lime ; 6. felspar ; t. 
quartz; 8. topaz; 9. sapphire and ruby; 10. diamond. The diamond can 
only be powdered in hard steel mortars. When once reduced to fragments 
by cleavage, its own powder serves for its further trituration. 

Obsidian is a glassy-looking substance, of a greenish or brownish-black 
color. It is found in the Lipari Islands and Iceland. It is volcanic- glass. 
It contains from 72 to 78 per cent, of silicic acid combined with alumina, 
potassa, and soda. It owes its color to oxide of iron. Pumice is a porous 
fibrous substance of a gray color. It contains Tt'5 per cent, of silicic acid. 
It is found chiefly interstratified with obsidian in the islands of Lipari and 
Ponza. In Lipari, there is a hill {Capo Bianco) 1000 feet high, constituted 
entirely of pumice. 

Tripoli contains 90 silicic acid, 7 alumina, and 3 of oxide of iron. It was 
formerly brought from Tripoli in Africa, whence its name. It is found in 
Bohemia and Tuscany. When finely levigated by trituration with water, it is 
much used for polishing metals, marble, glass, and other hard bodies. 

Preparation. — Silicic acid may be obtained for chemical purposes by the 
following process. Heat colorless roek-crystal to redness, quench it in 
water, and reduce it to a fine powder ; in this state it is silicic acid, almost 
perfectly pure. Fuse 1 part of this powder with 3 parts of a mixture con- 
sisting of equal parts of carbonate of soda and carbonate of potassa, in a 
silver or platinum crucible. Dissolve the resulting mass in water, add a 
slight excess of hydrochloric acid, and evaporate to dryness. Wash the dry 
mass in boiling distilled water upon a filter, and the white substance which 
remains is silica. This is the usual process. The silica obtained by simply 
reducing the colorless rock-crystal to powder is nearly pure : it sometimes 
contains traces of oxide of iron and manganese, as well as of alumina. Pure 
silica may also be obtained, by the fusion of fine white sand, or powdered 
rock-crystal, with carbonate of lime ; the resulting compound of lime and 
silica may be decomposed by dilute hydrochloric acid, and the product, after 
having been duly washed, is silica in the form of a light powder. When 
gaseous fluoride of silicon (fluosilicic acid) is passed into water, the silicic 
acid which is precipitated, after having been washed and dried, is also pure, 
and in a state of extreme mechanical division. 

At a high temperature, steam carries off silica in the state of vapor, thug 
establishing an analogy between the silicic and boracic acids. While 
boracic acid is fusible at a red, and volatile at a white heat, silicic acid, 
according to Deville, is less fusible than platinum, but is volatile at this 
temperature in a current of gas or vapor. 

Properties. — Silicic acid exists in two states, the amorphous and crystalline. 
The acid obtained by precipitation in the processes above described, is the 
amorphous variety ; while the native rock-crystal represents the crystalline 
form. They are differently affected by reagents. Amorphous silicic acid, 
as it is precipitated from its solutions, is supposed to be a hydrate, repre- 
sented by the formula, Si03,H0. — When dried at 212°, it is said to lose 
half its water, and to become 2(Si03)HO. According to Mitscherlich, 
there is no definite hydrate of silicic acid. It loses a variable quantity of 
water in drying, and absorbs water in a damp atmosphere. When the pre- 
cipitate is heated to 37 0^, it loses the whole of its water, and forms the 
insoluble variety of amorphous silicic acid (SiOg). In this state, it is a 
white, tasteless powder, insoluble in water, and not forming with it a cohesive, 
plastic mass, like alumina. It has no action on vegetable colors, and is 
infusible except under the intense heat of the oxyhydrogen blowpipe, in the 
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flame of which it melts, forming a transparent colorless globule. Its sp. gr. 
is, like that of the crystalline variety, 2°66. It is not dissolved by any of the 
oxacids, either separately or in mixture, even at a boiling temperature. 
When a.very diluted solution of a silicate is treated with sulphuric, hydro- 
chloric, or nitric acid, the silicic acid is not precipitated, but appears to be 
dissolved by the water as a hydrate. When the acid solution is, however, 
concentrated by evaporation, or the acid is at once added to a concentrated 
solution of a silicate, the hydrate is precipitated in a gelatinous form, and 
when dried and strongly heated it forms the insoluble variety. 

Solubility of Silicic Acid.-^The solubility of silicic acid in water has been 
hitherto doubted or denied by chemists. Some have admitted that pure 
water would dissolve only a thousandth part of its weight of recently pre- 
cipitated, or gelatinous silica. Mr. Graham has, however, by the process of 
dialysis, succeeded in procuring a solution of silica varying from 5 to 14 per 
cent, of the weight of the water. He added hydrochloric acid to a solution 
of silicate of soda, and placed the mixture in a dialyser (p. 133). In a few 
days the chloride of sodium and hydrochloric acid were entirely removed, 
while silica and water alone remained in the dialyser. He calls this colloid 
silicic acid. The liquid, when left to itself, slowly deposited silica in a gela- 
tinous and insoluble form : hence it cannot be regarded as a solution in its 
proper chemical signification (pp. 45— 4t). Lime-water, or a solution of 
carbonate of potassa, added to it, rapidly caused the separation of silicic 
acid in a gelatinous form. These facts may account for the temporary solu- 
bility and deposit of silica, under circumstances which have hitherto appeared 
difficult of explanation. 

Amorphous silicic acid, either in the state of gelatinous hydrate, or in 
powder dried but not heated, is readily dissolved in the cold by concentrated 
hydrochloric, nitric, or sulphuric acid. A strong solution of potassa or soda 
will dissolve it, but with more difficulty. In evaporating alkaline solutions 
in glazed porcelain dishes, a portion of the silica of the glaze is frequently 
dissolved. The alkalies also dissolve silica from flint glass. 

Silicic acid which has been strongly calcined, is as insoluble in alkalies 
and oxacids as the anhydrous native silicic acid — rock-crystal. Among 
hydracids, the hydrofluoric is the only one which dissolves silicic acid, 
forming water and fluoride of silicon (Si03+3HF=3HO + SiF3). The 
rapidity of this action is in proportion to the concentration of the acid. If 
the silicic acid is in fine powder, if it has not been calcined, and if a sufficient 
quantity of hydrofluoric acid is employed, it is readily dissolved. Insoluble 
silicates, such as the varieties of glass, are similarly attacked and dissolved 
by this acid ; but crystalline silicic acid, or native rock-crystal, resists its 
action. 

In the precipitation of silicic acid from its alkaline solutions by acids, 
alumina may be associated with it. If the residue is brought to dryness, 
moistened with strong hydrochloric acid for half-an-hour, and then boiled in 
water, alumina, as well as oxide of iron, magnesia, and other bases present, 
will be entirely dissolved, while the silicic acid alone will remain undissolved. 
Its quantity may thus be determined. 

Silicic acid is precipitated from its concentrated solutions by nearly all 
acids, even the carbonic and hydrocyanic. When its solutions are long 
kept, or are exposed to air, the silicic acid is deposited as an opaque white 
mass. The silica thus precipitated is readily dissolved by strong acids, but 
not readily by alkaline solutions, even at a boiling temperature. When dry 
silicic acid is fused with the hydrates of potassa, soda, or baryta, it readily 
enters into combination, forming silicates. In the anhydrous state, at a 
high temj)erature, it expels carbonic acid from alkaline carbonates (KOjCOg 
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+ Si03=KO,Si03+ CO3). It is worthy of remark, that in this decomposition, 
there is no substitution of a metallic oxide for water, but a displacement of one 
anhydrous acid by another. It is impossible to regard silicic acid as a salt of 
hydrogen. It is an anhydrous oxacid, capable of displacing other oxacids 
at a high temperature, without the intervention of the elements of water. 

Silicic acid is unaffected at the highest temperatures by hydrogen, carbon, 
phosphorus, or chlorine. When, however, it is heated and exposed to the 
combined action of chlorine and carbon, oxide of carbon and a volatile chlo- 
ride of silicon are produced. When heated with carbon in contact with 
iron or platinum, it undergoes decomposition : carbonic oxide escapes, and 
silicides of the metals result. Platinum vessels may be thus destroyed by 
nascent silicon. 

Although silicic acid, as it is commonly met with, is not soluble in water, 
yet there is scarcely a river or spring-water in which traces of it may not 
be found. It appears to be held in solution either by alkalies or their car- 
bonates. The Geyser springs of Iceland contain a large quantity of silicic 
acid. We have found as much as 48 grains in a gallon of the water of the 
Great Geyser (1856) : the solvent here appears to be carbonate of soda, the 
effect of which is probably aided by the high temperature as well as the 
pressure to which the heated column of water is subjected. The silicic acid 
is precipitated from the water in a hard crystalline form on all the sur- 
rounding rocks. It has been already stated that hydrated silicic acid may 
be volatilized with aqueous vapor at a high temperature, like hydrated bora- 
cic acid (p. 283). 

Gomposition.--^The amount of oxygen contained in 100 parts of silicic 
acid, has been variously estimated at from 51*98 (Mitscherlich) to 52*93. 
Assuming the former proportion to be correct, and silicic acid to contain 3 
atoms of oxygen united with 1 atom of silicon (8103), then (51 '98 : 24 : : 
48-02 : 22*1) the equivalent of silicon would be 22. This is in accordance with 
the views of Berzelius and the majority of British and foreign chemists, 
including the most recent writers on the subject, Pelouze and Fremy. It 
is also consistent with the atomic constitution of boracic acid, to which 
silicic acid bears a much stronger analogy in chemical and physical pro- 
perties, than it does to the oxygen compound of carbon (COJ. It has, how- 
ever, been proposed to alter the equivalent of silicon, by making the for- 
mula of silicic acid SiOg ; but there are no valid reasons for making this 
change. Col. York, in experimenting with silicic acid on different alkaline 
salts and bases, obtained such widely different results, that he could draw 
no satisfactory conclusion. Thus, in calculating by the amount of carbonic 
acid expelled by silicic acid from fused carbonate of potassa, the mean result 
of four experiments gave as the equivalent of silicic acid SO'T, corresponding 
to the formula SiO^. Seven experiments with the carbonate of soda, how- 
ever, gave an equivalent of 21*3, represented by SiOg. Carbonate of lithia 
gave the number 14*99, nearly agreeing with the formula SiO. The fusion 
of silicic acid with hydrate of potassa gave a result corresponding to that 
derived from the carbonate, 30 "8; but hydrate of soda gave 17*2, a result 
approaching to that obtained by carbonate of lithia. Such results furnish 
no grounds for changing the equivalent of silicic acid. On the other hand, in 
experimenting with other substances, this gentleman found that boracic acid 
only, gave results similar to those obtained with silicic acid. (Proc. E, *S'., 
Yol. 8, No. 25, p. 441.) As this acid is admitted to have the formula of 
BO3, this simple fact justifies the retention of the generally accepted for- 
mula, SiOg. Apart from other strong analogies between boron and silicon, 
a change in the formula of silicon would be, therefore, inexpedient and incon- 
sistent. 
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The recent experiments of Scheerer (^Ghem, News^ March 30, 1861. 205) 
show that, in fusing silicic acid with carbonate of soda, various silicates 
may be produced, and variable amounts of carbonic acid expelled. The 
result depends on the temperature of fusion, the duration of the fusion, the 
relative proportions of silicic acid and base, and the chemical relations of 
carbonic acid to the base at a high temperature. From his results, Scheerer 
considers the formula SiOg to be correct. 

Silicates. — These salts form a numerous class of substances, in some of 
which the acid, and in others the base, predominates. All are insoluble in 
water, excepting those of potassa and soda. The polysilicates of these alka- 
lies constitute varieties of glass. The aqueous solution of a soluble silicate 
is alkaline. It gives a white precipitate with ammonia, or carbonate of am- 
monia, which is not dissolved by a cold solution of potassa, or by chloride 
of ammonium. (A precipitate given by carbonate of ammonia in a salt of 
alumina is dissolved by a cold solution of potassa.) A silicate is distin= 
guished from the alkaline-earthy and all other salts, by the fact that an acid 
(even the acetic) will precipitate the silicic acid from a concentrated solution, 
as a gelatinous hydrate. The white powder obtained on drying and heating 
this precipitate, may be identified as silicic acid, by its insolubility in all 
menstrua excepting hydrofluoric acid. It is dissolved by this acid, and if 
the silicic acid contains no impurity, the whole of it may be volatilized as 
fluoride of silicon, by heating the solution in a platinum capsule. 

Among other chemical characters of a soluble silicate, may be mentioned 
the following. Nitrate of silver gives with the solution a brown, and the 
arsenio-nitrate a yellow precipitate. It is precipitated in a gelatinous form 
by all the salts of ammonia, and by all acids, including even the hydrocyanic 
and carbonic. Nitrate of baryta also produces in it a gelatinous precipitate 
which is not dissolved by nitric acid ; but this could not be mistaken for a 
sulphate, inasmuch as nitric acid alone, produces a dense gelatinous precipi- 
tate in a solution of a silicate. 

The analysis of the insoluble silicates is attended with some difQculties, 
Some of these in which the base predominates, as in certain slags, may be 
entirely decomposed, and the silicic acid set free in a gelatinous form, by 
digesting the finely powdered silicate in a strong acid, such as the sulphuric, 
hydrochloric, nitric, or even the acetic. The bases are found in soluble 
combination with the acid, which should be selected accordingly. The 
greater number of native silicates admit, however, of being correctly analyzed 
only by fusion. The silicate, very finely powdered, may be mixed with four 
times its weight of a mixture consisting of equal parts of the carbonates of 
potassa and soda, and fused in a platinum crucible for half an hour. When 
cold, the residuary mass may be digested in an excess of hydrochloric acid, 
and gently heated. If the decomposition of the silicate has been complete, 
no insoluble gritty matter will remain. When the whole is dissolved, the 
acid liquid is evaporated to dryness, the residue moistened with concentrated 
hydrochloric acid, and after a time boiled in water. The solution is filtered; 
the silicic acid, collected on the filter, is well washed and dried. The bases 
associated with the silicic acid will be found in the filtered liquid. The 
hydrates of potassa or soda act more readily by fusion, but the process 
cannot be carried on in platinum. If the silicic acid is combined with 
potassa or soda, the powdered silicate may be fused either with pure baryta, 
or the carbonate or nitrate of this alkaline earth. All the insoluble 
silicates fuse at a high temperature, and more readily when mixed, than 
when separate. 

Silicic acid is often associated with titanic acid. In order to separate 
this, the silicate may be fused in a platinum crucible, with bisulphate of 
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potassa. The titanic acid may be dissolved out of the residue by water, 
while the silicic acid will remain undissolved. (Will.) 

Wohler and Buff have described a hydrated sesquioxide of silicon (SiaOg, 
2H0) as a light, white, amorphous substance, obtained by the action of 
water on the hydrochlorate of the chloride of silicon. 

Chloride op Silicon (Si CI3).— Silicon burns when heated in a current of 
dry chlorine, producing this gaseous compound. It may be produced by 
passing dry chlorine over silicon heated to redness, or by passing the dry 
gas over a mixture of silicic acid and charcoal similarly heated (SiOg+SC 
-f 3Cl = SiCl3+3CO). The chloride is a yellowish fuming liquid of a sp. 
gr. of 1-52, boiling at 122^, and converted by water into hydrochloric and 
silicic acids (SiClg + SHO^SiOg+SHCl). Its vapor has a density of 5-939. 
Each volume contains two volumes of chlorine. There is also a Bromide of 
Silicon (SiBrg). 

Fluoride of Silicon. (SiFg). Fluosilicic ^czd-— The only body which 
acts energetically upon silicic acid is the hydrofluoric acid : the result of 
this action is a gaseous compound. To obtain the gaseous fluoride of sili- 
con, four parts of pulverized fluor-spar and three of powdered glass, or two 
of silica finely powdered, are well mixed in a retort with about five parts of 
oil of vitriol ; the gas evolved is to be collected over mercury, and when its 
production slackens, it may be accelerated by a gentle heat. The mercury 
and the glass vessels employed must be quite dry, for if in the least damp, 
they acquire an adhering film of silica. This decomposition depends upon 
the evolution of hydrofluoric acid and its action upon the silica, water and 
fluoride of silicon being the ultimate results (SiOg-f 3HF=SiF3-f 3H0). 
The hydrofluoric acid is derived from the action of the aqueous sulphuric 
acid on the fluoride of calcium ; CaF + S03,HO=HF + CaO,S03. 

Fluoride of silicon is a colorless gas ; its odor is acrid, somewhat resem- 
bling that of hydrochloric acid ; its taste very sour ; its specific gravity is 
S'6 compared with air; 100 cubic inches weigh nearly 112 grains. It 
extinguishes the flame of a taper, and all combustible bodies : it has no 
action on glass ; it may be liquefied and solidified by cold. It produces 
white fumes when in contact with damp air ; and when exposed to water it 
is absorbed, and a soluble compound of silicic with hydrofluoric acid is 
formed. The changes may be thus represented; 3SiF3-f-3HO=3HF,2SiF3 
H-SiOy. The hydrofluosilicic acid, 3HF,2SiF3, is dissolved in the water, 
while the silicic acid SiOg, is precipitated in a gelatinous state. If the beak 
of a retort from which the gas is issuing, is plunged into a basin of water, it 
will be soon choked by a copious deposit of hydrated silica, which sometimes 
forms tubes through the water, by which the gas escapes directly into the 
air. Water will dissolve 350 volumes of this gas, and when it is intended 
to make a solution, or to produce gelatinous hydrate of silica, the conducting 
tube or beak of the retort should be so fixed as to plunge just below the 
level of a small quantity of mercury in a conical glass. Water may be care- 
fully poured on the mercury, until the glass is filled, and the distillation 
then safely carried on. As each bubble of the fluoride of silicon escapes 
through the mercury and rises into the water, it becomes invested with 
an envelope of the hydrate of silica, owing to the decomposition above 
described. 

This gas is dissolved by alcohol, but if the alcohol is hydrated there is a 
separation of silicic acid. The decomposition of this gas by water, enables 
a chemist to detect the slightest trace of silicic acid in any mineral. The 
mineral should be powdered and mixed with powdered fluor-spar (free from 
silica) and sulphuric acid. The mixture should be heated in a platinum 
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vessel, and the vapors carried by a platinum tube into water. If silica is 
present in the mineral, there will be a separation of the gelatinous hydrate, 
on contact with the water. The whole of the silicic acid may be thus 
expelled. 

When a streak is made on paper with a solution of fluosilicic acid, the 
paper is not carbonized when heated. If sulphuric acid is present as an 
impurity, the paper will be carbonized. 

Hydrofluosilicic Acid (3HF,2SiF3).— This is a product of the decompo- 
sition of the fluoride above-mentioned, in contact with water. The acid 
may be procured by separating the gelatinous silica, by means of a linen 
filter, and filtering the liquid through paper. It is also produced when 
diluted hydrofluoric acid is saturated with silica. 

The liquid has a strongly acid reaction. It may be evaporated in a pla- 
tinum vessel without change, but it corrodes glass; and, when highly con- 
centrated, it is converted into hydrofluoric acid, and silica, which is deposited. 
Although its solution has no direct action on glass, it slowly acts upon the 
alkaline bases, potassa, soda, lime, and oxide of iron existing in glass, and 
forms a white deposit of a hydrofluosilicate of the base. Its action on 
alkalies and their salts is remarkable. It precipitates in an insoluble form 
as hydrofiuosilicates or double sllicofluorides (3MF,2SiFg), potassa, soda, 
and baryta. Pure lime and strontia are not precipitated from their solutions 
in water. Ammonia in excess and carbonate of ammonia, decompose the 
acid and throw down gelatinous silica. Concentrated solutions of the salts 
of potassa, soda, lithia, baryta, and alumina, are also precipitated ; those of 
potassa so completely, that the alkali may be thus separated from the acid. 
In this manner chloric acid may be obtained by adding hydrofluosilicic acid 
to a strong solution of chlorate of potassa (p. 1*19). In these cases the 
hydrogen of the acid is simply replaced by the metal. A solution of the 
acid precipitates a salt of strontia, but much more slowly than a salt of 
baryta. These precipitates, like those given by sulphuric acid in the solu- 
tions of the alkaline-earthy salts, are insoluble in nitric acid, and might be 
mistaken for sulphates. When calcined, they leave a fluoride, which may be 
identified by its action on glass. A sulphate is only decomposed when 
heated with charcoal, or cyanide of potassium, and a sulphide then results. 

Silicon forms compounds with nitrogen and sulphur, SiN3(?), and SiSg. 
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CHAPTER XXII. 



PHYSICAL PROPERTIES OP THE METALS. RELATIONS TO 
HEAT, LiaHT, ELECTRICITY, AND MAGNETISM. 

The metals constitute a numerous and important class of elementary 
bodies ; they are characterized by a peculiar and distinctive lustre, by their 
opacity, and by their high conducting powers in regard to heat and electri- 
city. In the following table they are enumerated in the order in which they 
will be described. A table of their symbols and equivalents will be found 
at page 63. 



POTASSIUM 


CERIUM 


NIOBIUM 


SODIUM 


LANTHANUM 


ILMBNIUM 


LITHIUM 


DIDYMIUM 


MOLYBDENUM 


CESIUM 




URANIUM 


EUBIDIUM 


IRON 


TELLURIUM 




MANGANESE 


TITANIUM 


BAEIUM 


ZINC 


ANTIMONY 


STRONTIUM 


TIN 


ARSENIC 


CALCIUM 


CADMIUM 




MAGNESIUM 


COPPER 


MERCURY 




LEAD 


SILVER 


ALUMINUM 


BISMUTH 


GOLD 


GLUCINUM 


COBALT 


PLATINUM 


ZIRCONIUM 


NICKEL 


PALLADIUM 


THORIUM 


CHROMIUM 


RHODIUM 


YTTRIUM 


VANADIUM 


RUTHENIUM 


ERBIUM 


TUNGSTEN 


OSMIUM 


TERBIUM 


COLUMBIUM 


IRIDIUM 



Two which are but imperfectly known—namely, Norium, and Pelopitjm 
—are excluded from this list. Altogether, the number of metals known is 
52. 

The first five of the metals upon the above list are distinguished as the 
metals of the alkalies ; their oxides are powerfully alkaline ; they have an 
intense affinity for oxygen, and decompose water at all temperatures. The 
next four metals are the bases of the alkaline earths ; with the exception of 
magnesium, they also decompose water at all temperatures. The ten suc- 
ceeding metals, with the exception of aluminum, have been but imperfectly 
examined ; they are generally designated as the bases of the earths. The 
following twenty-two metals have been sometimes divided into those which 
form basic oxides, and those which form acids ; and they have been separated 
into other distinctive groups, having reference to the action of acids upon 
them, to their action upon water at high temperatures, and to the isomor- 
19 



290 HARDNESS. MALLEABILITY. DUCTILITY. TENACITY. 

phism of their salts ; these characters, however, are not sufficiently definite ; 
and as regards the basic or the acid character of their compounds with oxygen, 
several of them form compounds belonging to both classes. The last nine 
metals have been particularly designated as noble metals ; they are not 
changed by air or by water, and their affinity for oxygen is comparatively 
feeble : to some of these properties, however, osmium forms an exception. 

Physical Properties. — A high degree of lustre is one of the leading 
physical characters of the metals, the color of the light which they reflect 
varying with the nature of the metal and the number of reflections to which 
it has been subjected. In most cases it is nearly white, gray, or bluish ; 
from gold it is yellow, and from copper, red ; but the intensities of these 
colors may be greatly increased by repeated reflections. 

The opacity of metals is such, that when in very thin leaves they transmit 
no light. Gold is so far an exception, that when beaten into leaves of one 
two-hundred-thousandth of an inch in thickness it transmits green light, and 
if alloyed with silver, blue light. There are also other means by which 
extremely thin metallic films may be obtained, and which often exhibit a 
certain amount of transparency. 

Hardness — Brittleness. — Few of the metals, when pure, are very hard ; 
they are generally softer than steel. Lead may be scratched by the nail ; 
and potassium at 60^ is softer than wax. Some, such as antimony, arsenic, 
and bismuth, may be easily pulverized ; others are brittle at one temperature, 
but malleable and ductile at another. Zinc, for instance, which at common 
temperatures is comparatively brittle, may be rolled and drawn into wire 
when heated up to 300^. 

Malleahility, or the capacity of being extended by hammering or rolling, 
belongs to some of the metals in a very remarkable degree. Common gold- 
leaf, for instance, is not more than a 200,000th of an inch in thickness ; and 
3 grains of the metal are sufficient to cover a square foot. Silver, copper, 
and tin, also admit of great extension under the hammer. In hammering and 
rolling, some of the metals becomq so hard and brittle as to require occa- 
sional annealing ; in these cases they give out much heat. The following is 
the or^er of malleability — gold, silver, copper, aluminum, tin, cadmium, 
platinum, lead, zinc, and iron. 

Ductility. — The malleable metals are also ductile; that is, they admit of 
drawing out into wire. In this respect, gold, silver, platinum, and iron, 
stand at the head of the list. A grain of gold may be drawn into 500 feet 
of wire. A wire of platinum, not exceeding a 30,000th of an inch diameter, 
has been obtained by placing it in the axis of a small cylinder of silver, and 
then drawing the compound wire in the usual way, and afterwards dis- 
solving off the silver by nitric acid. The order of ductility is as follows ; 
gold, silver, platinum, iron, copper, aluminum, zinc, tin, and lead. 

Tenacity, or the power of supporting a weight without breaking, is an 
important property of the metals. Iron is at the head of the list, and lead 
at the bottom; but the respective tenacities are much influenced by the 
temperature at which the comparisons are made, the manner in which they 
are tested, and more especially by the process of annealing. A wire of 
unannealed iron, which sustained a weight of 26 lbs. only bore 12 lbs. after 
having been annealed ; and a wire of copper which sustained 22 lbs. before 
annealing, was broken by 9 lbs. after annealing. The following metals are 
arranged in the order of their tenacities: iron, copper, palladium, platinum, 
silver, gold, zinc, tin, lead. The tenacity of iron compared with lead is as 
25 to 1. 

In the following table the figures represent the number of pounds required 
to break wires one-tenth of an inch in diameter :— 
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Lead . 


, 27-7 


Zinc . 


.. 100-8 


Silver . 


. 187-1 


Copper . 


. 302-2 


Tin . 


. 34-7 


Gold . 


.. 150-7 


Platinum 


. 274-3 


Iron . . 


. 549-5 



The tenacity of a metal, with few exceptions, decreases in proportion as 
its temperature increases; but iron, though less tenacious at 212° than at 
320 is more so at 890^ than at 2120 

Crystallization.-^'M.Qtah are susceptible of assuming the crystalline form. 
With many, this may be effected by fusion and slow cooling, and especially 
by suffering the melted metal to concrete externally, and then perforating 
the solid crust, and pouring out the liquid interior. The cavity so formed 
will be then lined with crystals: this mode of proceeding answers extremely 
well with bismuth, which furnishes a singular congeries of cubic crystals 
(page 25). When the metals are precipitated by each other, they often 
crystallize during their deposition, as in the precipitation of silver by mer- 
cury, and in that of lead by zinc. A stick of phosphorus immersed in a 
solation of silver becomes inerusted with metallic crystals (p. 221). Grold 
is occasionally deposited in a crystalline form, from its ethereal solution. 
During the electrolysis of metallic solutions, especially when low powers are 
employed, beautiful crystals are also occasionally obtained. 

The crystalline structure of a metal materially affects some of its other 
physical properties. Copper, silver, and even gold, become comparatively 
hard and brittle when in a crystalline condition ; and the most brittle metals 
are those which most readily assume the crystalline form, such as bismuth 
and antimony. Even iron, which in one condition is fibrous, tough, and 
tenacious, becomes relatively brittle, when it assumes even an approach to 
a crystalline structure ; and this change in its condition is sometimes the 
result of changes of temperature, and shows itself in bars and axles which 
have been subjected to protracted friction and vibration. 

Specific Gravity. — The specific gravities of the metals, or their relative 
densities, as compared with distilled water at the temperature of 60^, are 
shown in the following table ; they include the lightest and the heaviest 
solids. The metal lithium is lighter than all known solids and liquids : — 

Cobalt 8-9 

Cojiper 8-9 

Nickel ...... 8-8 

Molybdenum. . . .8-6 

Cadmium 8-6 

Manganese . . . .8-0 

Iron 7-8 

Tin 7-2 

Zinc 7-1 

Columbium . . . .6-9 

Antimony 6-7 

Tellurium ^'^ 

[The reader is referred to the Appendix for the rules to be observed in 
taking the specific gravity of metals and other solids.] 

Relation of Metals to Heat. — The changes oihulh which metals undergo 
with changes of temperature are relatively greater than those of other bodies, 
but each metal has its peculiar rate of expansion, as shown in the following 
table, in which 1,000,000 parts of each metal are supposed to be heated from 
320 to 2120. 



Osmium 


. . 21-40 


Platinum . 


. . 21-15 


Iridium . . 


. . 21-15 


Gold. . . . 


. . 19-3 


Tungsten . 


. . 17-6 


Mercury 


. . 13-5 


Rhodium . * 


. . 12-0 


Palladium . 


. . 11-8 


Ruthenium 


. . 11-3 


Lead . . 


. . . 11-4 


Silver . . 


. . 10-5 


Bismuth . 


. . 9-8 



Arsenic . 






, 5-9 


Chromium 






. 5-9 


Titanium 






. 5-3 


Aluminum 






. 2-6 


Strontium 






. 2-5 


Clucinum 






. 2-1 


Magnesium 






. 1-7 


Calcium . 






. 1-5 


Sodium . 






. 0-97 


Potassium 






. 0-86 


Lithium . 






. . 0-59 





Increase 


Increase 




Increase 


Increase 




in length. 


in bnlk. 




in length. 


in bnlk. 


Platinum . 


. 1 in 1131 . 


. 1 in 377 


Copper 


. . . . 1 in 582 . 


. 1 in 194 


Palladium 


. 1 in 1000 . 


. 1 in 333 


Silver 


. . . 1 in 524 . 


. 1 in 175 


Antimony 


. 1 in 923 . 


. 1 in 307 


Tin . 


. . . 1 in 516 . 


. 1 in 172 


Iron . . 


. 1 in 846 . 


. 1 in 282 


Lead 


. . . 1 in 351 . 


.. 1 in 117 


Bismuth . 


. . 1 in 718 . 


. 1 in 239 


Zinc . 


. . . . 1 in 340 . 


.. 1 in 113 


Gold . . 


. 1 in 682 . 


. 1 in 227 
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The expansion of glass is nearly the same as that of platinum, hence wires 
of that metal may be welded into fused glass without inconvenience, but if 
we substitute a wire of another metal, its different rate of contraction tends 
to break the glass as it cools. So also a compound bar of iron and copper, 
or of platinum and silver, formed by riveting strips of the metals to each 
other, though it remains straight at the temperature at which they were 
riveted, becomes warped or curved when heated or cooled. The metallic 
thermometer, and the compensation pendulum or balance-wheel as applied 
to clocks and watches, are illustrations of the same principle. 

The force exerted in this act of metallic expansion is so considerable as 
often to produce Injurious effects when not adequately provided for, as in 
railways, bridges, water and gaspipes, and in the beams, columns, and roofs 
of buildings. 

The expansion of a metallic bar has been successfully applied as a means 
of measuring high temperatures, as in DanielVs Pyrometer, 

That the metals are excellent conductors of heat is learned by the rapidity 
with which heat passes from one end to the other of a metallic bar ; and that 
the different metals thus transmit heat with different degrees of facility, is 
shown by comparative experiments. If, for instance, two similar bars of 
silver and of platinum be heated at one end, the silver will be more rapidly 
heated throughout than the platinum. Gold, silver, and copper are among 
the best conductors ; then come iron, zinc, and tin ; and lastly, lead. A 
consequence of this property of the metals is, that they communicate and 
abstract heat more readily than other bodies; that they feel hotter and colder 
than wood, or other bad conductors, though of the same temperature. If 
the thermo-conducting power of gold be assumed as = 100, that of silver 
will be about 98, of copper 90, of iron, 38, of tin 30, and of lead only 18. 

The polished metals are remarkable for their low power of emitting and of 
receiving radiant heat. A polished metallic vessel filled with hot water, is a 
long time in cooling ; and such a vessel containing cold water, and placed 
before the fire, is a long time in acquiring heat. When the polish is taken 
off, the radiating and receptive powers of such vessels are increased ; but 
under all circumstances the metals are bad radiators. If we compare the 
radiating power of a surface coated with lamp-black, with that of polished 
gold, silver, copper, or tin, it is nearly as 100 to 12 ; and all tarnished metals 
radiate better than those which are bright and clean. 

Fusihility. — The metals are all susceptible of fusion by heat, but the tem- 
peratures at which they liquefy are extremely various. At higher temperatures 
than those required for their fusion, the metals are volatile ^ and many of them 
may be distilled in close vessels. Mercury is volatile at temperatures above 
40^. A piece of gold leaf suspended over it in a stopped bottle becomes 
slowly whitened by amalgamation. Cadmium, potassium, sodium, tellurium, 
and zinc, are volatile at a red heat, and arsenic below a red heat. Gold and 
silver are converted into vapor when exposed to intense heat ; and most of 
the other metals evaporate under similar circumstances. 

Although the melting-points will be described under the heads of the 
respective metals, it will be convenient to give in this place a table showing 
how some of the more important metals differ fropi each other, in regard to 
the temperature at which they pass from the solid to the liquid state. The 
metals are here arranged in two groups: 1, those which are fusible heloio 
a red heat (1000^); and 2, those which are fusible ahove this temperature. 
The metals not included in this list can be readily fused only under the oxy- 
hydrogen blowpipe :— 
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FUSIBLE BELOW A BED HEAT. 




Mercury , 


. 40O 


Bismuth. . 


. 500O 


Potassium 


. 150O 


Lead 


. 6120 


Sodium 


. 200O 


Zinc 


. 7730 


Lithium . 


. 3560 


Antimony . 


. 900O 


Tin . 


, 4420 


Calcium . 


. 10000 


Cadmium . 


4420 


Magnesium 


. 10000 




FUSIBLE ABOVE A RED HEAT. 




Aluminum 


, 1750O 


aold 


. 201 60 


Silver 


. 18730 


Cast-iron 


. 27860 


Copper . 


. 19960 







Specific Heat of the Metals. — By the term specific heat is meant the quantity 
of heat required to raise similar quantities of different substances to the same 
temperature. If we thus compare oil and water, it will be found that the 
quantity of heat required to raise the temperature of a pound of oil from 
32^ to 212^ is only half that which is required to produce the same change 
of temperature in water ; hence the specific heat of water being == 1, that 
of oil is 0*5 (p. 128). If we thus compare water with mercury we find that 
the specific heat of water being = 1*000, that of an equal weight of mercury 
is only 0*033. The specific heat of water, therefore, or, in other words, its 
capacity for heat, is very great compared with that of the metals, as shown 
in the following table ; from which it will also be seen that the specific heat 
of bodies increases with their temperatures, so that it requires more heat to 
raise them a given number of degrees when they are at a high than when at 
a low temperature. The specific heats are in all cases compared with water, 
as = 1 : — 





Between 
32° and 212°. 


Between 
32° and 672° 




Between 
32° and 212° 


Between 
32° and 212°. 


Iron . 
Zinc . 
Copper 
Silver. 


. 0-1098 . 
. 0-0927 . 
. 0-0949 . 
. 0-0557 . 


.. 0-1218 
. 0-1015 
. 0-1913 
.. 0-0611 


Antimony 
Platinum 
Mercury 


. 0-0507 . 
. 0-0335 . 
. 0-0330 . 


. 0-0547 
. 0-0355 
. 0-0350 



When the specific heat of the elementary bodies is multiplied into their 
atomic weights, the product is (with some exceptions) nearly the same (p. 65). 

RELATION OE THE METALS TO ELECTRICITY AND MAGNETISM. 

In respect to electrical conduction, silver is the best, and mercury the worst 
conductor. Assuming the electro-conduction of silver as=100, that of cop- 
per is about 92, gold 65, zinc 24, tin 14, iron 12, lead and platinum about 
8, and mercury 2. These conducting powers are remarkably influenced, in 
some cases, by temperature. Thus, in reference to tin, if its conducting 
power at 32^ be = 16, at 212° it will only be = 10; so that, in general, the 
lower the temperature of the metal, the higher its electro-conducting power, 
Metals which are bad conductors of electricity, become most heated by an 
electric current, as is well shown by transmitting a current of electricity 
through a wire composed of alternate lengths of platinum and silver; the 
platinum only becomes red-hot. 

Magnetism. — The peculiarities of iron in respect to magnetism have been 
long known, as also its permanent retention by steel. When a bar of iron 
is suspended between the poles of a magnet, it is equally attracted by each, 
and places itself parallel to the magnetic axis. Some metals are similarly 
affected, though in an inferior degree; but there are others which appear to 
be repelled by the magnetic poles, and which, when properly suspended be- 
tween them, assume a direction at right angles to the magnetic axis, placing 
themselves equatorially. Faraday, who first observed these phenomena, 
terms such substances diamagnetics. He has shown that various solids, 
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liquids, and gases, include magnetic and diamagnetic substances (p. t8) ; 
and that, as far as the metals are concerned, they may be arranged in the 
following order : — 



Magnetic. 




Diamagnetic* 


Iron 


Cerium 


Bismuth 


Silver 


Nickel 


Titanium 


Antimony 


Copper 


Cobalt 


Palladium 


Zinc 


Gold 


Manganese 


Platinum 


Tin 


Arsenic 


Chromium 


Osmium 


Cadmium 


Uranium 






Sodium 


Iridium 






Mercury 


Tungsten 






Lead 





CHAPTER XXIII, 



POTASSIUM (K = 39). 

Potassium (Kalium) was discovered by Davy in ISOT. He obtained it 
by submitting caustic potassa to the decomposing action of voltaic electri- 
city : the metal was slowly evolved, together with hydrogen, at the negative 
pole. By this process, however, it could only be procured in small quanti- 
ties, and other methods have since been devised : that which is now usually 
adopted consists in. subjecting a mixture of carbonate of potassa and charcoal 
to a high temperature, in a wrought iron distillatory apparatus, to which a 
proper receiver is adapted. The potassium which first passes over requires 
to be purified by a second distillation, to free it from a quantity of black 
matter which is of an explosive nature, and consists of a compound of potas- 
sium with carbon and carbonic oxide. In these distillations, the contact of 
the metal with air must be carefully guarded against: for this purpose it 
is usually received into, and preserved under, naphtha, or some liquid hydro- 
carbon, upon which it has no action. In this process the carbon deprives 
the carbonate of potassa of its oxygen, forming carbonic oxide, which abun- 
dantly escapes during the distillation ; and if such decomposition were entire, 
69 parts of the carbonate should yield 39 parts of potassium. It would be 
as follows : KO,C03+C2=K+3CO. But the actual product of potassium 
falls far short of this result ; and in consequence of some of the potassa 
escaping decomposition, and of the formation of carbide and oxicarbide of 
potassium, not more than one-fourth of the potassium contained in the- mix- 
ture subjected to distillation, is usually obtained. 

Potassium is a bluish-white metal of great lustre. It instantly tarnishes 
by exposure to air, and is gradually converted into an oxide. At 60° it is 
of the consistency of soft wax. Its sp. gr. is 0*86. It is most conveniently 
preserved in naphtha, in a well-stopped phial. It fuses at 150^; and at a 
bright red heat, in close vessels, it boils, and rises in green vapor. At 32° 
it is brittle, and of a crystallized structure. If heated in air, it burns with a 
brilliant flame. It is a good conductor of electricity and heat, and its lustre 
is well shown by fusing it under naphtha, through which it is seen as bril- 
liant as mercury ; or by flatting a clean slice of it by pressure between two 
pieces of plate glass. 

Potassium and Oxygen. — There are three oxides of potassium, namely, 
a suboxide ^=='K.Jd , Si protoxide ='K0, which in the state of hydrate constitutes 
caustic potassa=K.Of^O J and q> peroxide =K.O^. 
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Suboxide of Potassium (K^O) is formed by heating potassium in a 
limited portion of air, or by heating 1 part of potassium with 1 J of hydrate 
of potassa ; while hot it is reddish, but gray when cold : it is fusible and in- 
flammable, taking fire when gently heated. Water converts it, without com- 
bustion, into potassa, hydrogen being evolved. 

Protoxide of Potassium. Anhydrous Potassa (KO) is most readily 
obtained by heating 1 atom of potassium, =39 with one of hydrate of potassa 
=56 : hydrogen is evolved, and 2 atoms of protoxide are formed (K+KO, 
H0 = 2K0 + H). When 1 atom of potassium acts upon 1 atom of water 
out of the contact of air, it is also produced (K+HO=KO + H). When 
peroxide of potassium is intensely heated, it loses oxygen and leaves prot- 
oxide. It is a hard gray brittle substance, fusible at a bright red heat, sp. 
gr. about 2*65 ; extremely caustic and alkaline. 

The composition of this oxide is learned by the action of potassium upon 
water; when the metal is thrown upon water, or even upon ice, it inflames, 
with the evolution of hydrogen, and burns with a violet-colored flame, pro- 
ducing a small globule of fused potassa, which, in combining with water, 
produces so much heat as to cause a slight explosion. If the potassium be 
plunged under water the decomposition ensues with explosive violence, but 
by carefully employing small quantities of the metal, or by previously amal- 
gamating it with mercury, the experiment may be so conducted as to collect 
the evolved hydrogen, which thus becomes the indicator of the quantity of 
oxygen taken by the potassium, 100 parts of which are thus found to com- 
bine with 2051 of oxygen: and 20*51 : 100 : : 8 : 39 ; so that the equiva- 
lent of potassium thus deduced is 39. 

Hydrated Protoxide of Potassium ; Caustic Potassa (K0,H0) is 
procured by decomposing carbonate of potassa by lime. The process con- 
sists in boiling in a clean iron vessel pure carbonate of potassa, with half 
its weight of pure quicklime, in not less than Y or 8 parts of water. The 
lime, previously slaked, is gradually added to the boiling alkaline solution, 
which is kept constantly stirred, and towards the end of the operation it is 
tested by filtering a small portion, and pouring it into three or four times 
its bulk of dilute nitric acid ; if there be no effervescence, sufficient lime has 
been used ; but if carbonic acid escapes, the ebullition with lime must be 
continued, taking care to keep up the original quantity of water, until the 
tested portion shows no signs of carbonic acid. The whole is then allowed 
to remain quiet, that the carbonate of lime and excess of the hydrate of 
lime may subside ; the clear liquor, or lye, may then be siphoned or poured 
off, concentrated by evaporation, strained through a clean calico filter, and 
set by in a well-stopped bottle till it admits of being decanted from any 
sediment. When the lye is evaporated in a polished iron or pure silver 
vessel, it assumes the appearance of an oily liquid, and concretes on cooling. 
When cast into sticks it is employed in surgery as a powerful and rapidly- 
acting caustic : in this state it generally contains some peroxide and other 
impurities, and evolves oxygen and deposits a sediment when dissolved in 
water. It is sometimes further purified by boiling it in a silver basin with 
highly-rectified alcohol for a few minutes, and then setting it by in a stopped 
phial ; when the impurities are deposited, the alcoholic solution may be 
poured off and rapidly evaporated to dryness in a silver vessel ; or if the 
quantity of alcohol be considerable, it may be distilled off in a silver alembic 
with a glass head : the heat may then be raised so as to fuse the potassa, 
which on cooling should be broken up and preserved in well-closed phials ; 
if, however, pure materials and due care be employed, the alcoholic purifica- 
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tion may be dispensed with, for even when so prepared the product contains 
traces of carbonate, and sometimes of acetate of potassa. 

The pure hydrated oxide is white and somewhat crystalline in texture : its 
sp. gr. 2*1. It is fusible at a heat below redness, and evaporates from an 
open vessel, at a bright-red heat, in the form of acrid fumes. A platinum 
wire, dipped into potassa and heated by the blowpipe, communicates a 
characteristic violet tint to the flame. At a white heat it is decomposed by 
charcoal, and carburetted hydrogen, carbonic oxide, and potassium, are the 
products. It quickly absorbs moisture and carbonic acid from the air, and 
is soluble in half its weight of cold water. When reduced to a powder and 
slightly moistened it forms a crystallized combination which is a terliydrate 
(K0,3H0). By keeping a strong aqueous solution of potassa at a low 
temperature in a stopped phial, crystals may be obtained which are a penta- 
hydrate (K0,5H0). 

Caustic potassa is highly alkaline, reddening turmeric, and changing 
several vegetable blues to green. It acts energetically upon the greater 
number of organic products, and saponifies the fat oils. When touched 
with moist fingers it has a soapy feel, in consequence of its action upon the 
cuticle, and it then exhales a peculiar odor: this is also perceptible in the 
solution of potassa, and is probably referable to the formation of ammonia, 
arising from traces of organic matter accidentally present. In the fused 
state, it produces heat when dissolved in water; but in its crystallized state 
it excites considerable cold, especially when mixed with snow. It dissolves 
sulphur and several sulphides, and silica and alumina. The oxides of several 
of the. other metals are also soluble in an aqueous solution of potassa. 

When a solution of caustic potassa is required to be filtered, it is apt to 
act upon the filter and to absorb carbonic acid, so that filtration should as 
far as possible be avoided, and the liquor obtained clear by subsidence. On 
the large sc^le, linen strainers are generally used; upon the small scale, the 
absorption of carbonic acid may be prevented, by covering the funnel with 
a plate of glass, and receiving it into a bottle as nearly air-tight as possible. 

A solution of potassa acts gradually upon flint glass, which contains oxide 
of lead; hence green glass vessels are preferable; but when the alkaline 
solution is to be exposed to heat, or evaporated to dryness, even these com- 
municate impurity, and in such cases vessels of pure silver must be used, for 
almost all other metals, platinum not excepted, are more or less acted upon. 

The solution of caustic potassa is frequently impure from the presence of 
carbonic acid, silica, alumina, lime, oxide of lead, and sulphuric or hydro- 
chloric acid. If nitric acid cause an effervescence when dropped into it, it 
indicates carhonic acid ; if a gelatinous precipitate, not soluble in very slight 
excess of acid, it is silica ; if soluble, it is alumina. The presence of lime is 
shown by adding oxalate of ammonia to the solution previously neutralized 
by nitric acid ; in the same solution nitrate of silver will indicate hydrochloric 
acid, or chlorine^ and nitrate of baryta, sulphuric acid^ or sulphates. Freedom 
from metallic impurities is shown by hydrosulphate of ammonia, which 
should occasion no precipitate or change of color. 

The following table shows the quantity of anhydrous potassa contained in 
aqueous solutions of different specific gravities. The boiling point of a satu- 
rated solution, sp. gr. 1'68, is 329^; of the officinal solution, sp. gr. TOG, 
2130. 
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Peroxide of Potassium (KO3) is formed when potassium is burned with 
free access of air, or in oxygen gas ; it is a yellow fusible substance, which, 
on cooling, acquires a crystalline appearance. It has some singular pro- 
perties ; it supports the combustion of most of the inflammables, and when 
heated in hydrogen, diminishes the bulk of the gas, and forms water ; it de- 
composes ammonia under the same circumstances. When put into water, 
oxygen is evolved, and a solution of potassa obtained. When hydrated 
potassa is fused in an open crucible, a portion of its water is disengaged, and 
oxygen absorbed, so as to form this peroxide ; hence it is that common 
caustic potassa almost always gives out oxygen when put in water. 

Potassium and Chlorine ; Chloride of Potassium (KCl). — Potassium 
burns brilliantly in chlorine, especially if introduced into the gas in the state 
of fusion, as^ otherwise, a crust of chloride is apt to form and protect the 
interior from further action. 

When potassium is heated in gaseous hydrochloric acid, chloride of 
potassium is formed, and hydrogen evolved : K-fHCl=KCl-|-H. It is also 
formed by dissolving potassa or^ts carbonate in hydrochloric acid, and evapo- 
rating to dryness. The afSnity of potassium for chloride exceeds that for 
oxygen ; so that potassa heated in chlorine, loses oxygen, and yields chloride 
of potassium : hence, also, potassium heated with other chlorides, evolves 
their bases and forms chloride of potassium. When chlorine is passed over 
iodide of potassium at a red heat, iodine is expelled, and chloride of potas- 
sium formed. 

Chloride of potassium dissolves in three parts of water at 60^. One part 
of the powdered salt stirred into four parts of cold water, produces a depres- 
sion of temperature of between 20° and 25*^, whereas chloride of sodium 
under the same circumstances only depresses the thermometer between 2° and 
3^ : hence it has been proposed to estimate the relative proportions of these 
chlorides when mixed, by the depression of temperature resulting from their 
solution. Chloride of potassium crystallizes in cubes ; its taste is saline and 
bitter. Its sp. gr. is 1*9. In old pharmacy it was called digestive salt of 
Sylvius ; also, regenerated sea-salt. It is insoluble in alcohol. When intensely 
heated in open vessels, it evaporates in the form of white fumes. This salt 
is a residue of several chemical and pharmaceutical processes, and is some- 
times found in rough saltpetre ; it is also contained in kelp, and in the juices 
of many plants. The crystals, which occur in old pharmaceutical extracts, 
are usually of this salt. The manufacturers of alum occasionally employ it 
as the source of potassa in that salt. 

Hypochlorite of Potassa (K0,C10), called also chloride of potassa, and 
chlorinated potassa has only been obtained in solution by adding aqueous 
hypochlorous acid to a solution of potassa. When chlorine is passed into a 
solution of carbonate of potassa so as not quite to saturate the alkali, car- 
bonic acid is evolved, and a solution of hypochlorite of potassa is obtained, 
provided the liquor be kept cold. If heated, or if more than one atom of 
chlorine to one of potassa be used, the hypochlorite is decomposed, and part 
of the bleaching power of the solution destroyed. A solution of hypochlo- 
rite of potassa is also obtained by double decomposition, when solution of 
hypochlorite of lime is mixed with carbonate of potassa. It is colorless, 
powerfully bleaching, and antiseptic. When chlorine is passed over slightly 
moistened carbonate of potassa, a bleaching salt mixed with bicarbonate is 
the result. 

Chlorate of Potassa (KOjClOs) is formed by passing excess of chlorine 
through a strong solution of potassa ; chloride of potassium is one of the 
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results, the other is chlorate of potassa, a salt in brilliant rhomboidal tables, 
(formerly called oxymuriate of potassa). By concentrating the liquid, the 
chlorate of potassa, which is much less soluble in cold water than the chloride 
of potassium, is deposited on cooling. 

The action of chlorine upon a solution oi carbonate of potassa at first pro- 
duces bicarbonate of potassa, which, by the continued action of chlorine, is 
decomposed, the whole of the carbonic acid expelled, and hypochlorite of 
potassa and chloride of 'potassium are then formed; 6K0-1-6C1=3KC1 + 
3[K0,C10] : the hypochlorite is itself afterwards resolved into chlorate and 
chloride; 3[KO,C10]=KO,C105+2KCl : so that the ultimate result may 
be thus represented : 6KO + 6C1=5K01+KO,0105. 

The following is the most economical process for the preparation of this 
chlorate. One equivalent of carbonate of potassa and one of hydrate of 
lime are mixed and exposed to a current of chlorine; the mass becomes hot, 
and evolves water during the absorption of the gas : when saturated, it is 
gently heated to complete the decomposition. No oxygen is evolved, the 
action being such that 6[KO,C02], and 6[CaO,IiO], acted on by 601, yield 
6KCl + 6[CaO,COJ + KO,C105; whilst 6H0 are evolved. By the action 
of water, the soluble salts are separated from the carbonate of lime, and the 
chloride and chlorate by crystallization. 

Chlorate of potassa is an anhydrous salt of a cooling taste. It forms tabu- 
lar crystals of a pearly lustre. Its specific gravity is 1'9. When pure, its 
aqueous solution is not rendered turbid by nitrate of silver. When tritu- 
rated, it appears phosphorescent. It decrepitates and fuses at a temperature 
between 400^ and 500^ : at a higher heat it effervesces, and gives out nearly 
4:^ per cent, of oxgen, and chloride of potassium remains {see p. 82). It is 
soluble in 18 parts of cold, and in 2*5 of boiling water; and in about 120 
parts of alcohol. Its acts energetically upon many inflammables, and when 
triturated with sulphur, phosphorus, and charcoal, produces inflammation 
and explosion. A mixture of three parts of this chlorate with one of sul- 
phur, detonates loudly when struck with a hammer, and even sometimes 
explodes spontaneously. When sulphuric acid is dropped upon mixtures of 
this salt and combustibles, ignition ensues, in consequence of the evolution 
of peroxide of chlorine. A mixture of sugar and the chlorate thus treated, 
is immediately kindled ; and a mixture of sulphide of antimony and the salt, 
suddenly deflagrates with a bright puff of flame and smoke ; the latter mix- 
ture requires to be cautiously made, as it often takes fire by gentle tritu- 
ration. 

Perohlorate oe Potassa ; Oxyohlorate of Potassa (KO, ClOy). — This 
salt is formed when chlorate of potassa is heated in a porcelain crucible till 
it fuses, and by giving out a portion of oxygen, becomes thick and pasty ; 
the cooled mass, dissolved in hot water, deposits perchlorate of potassa on 
cooling, which may be purified by recrystallization. The chloride of potas- 
sium and undecomposed chlorate remain in solution. The action of heat on 
2 equivalents of the chlorate forms one of chloride of potassium, and 1 of 
perchlorate; while 4 of oxygen are evolved: 2(KO,C105)=KCl + KO,C107 
-f O4. This salt forms anhydrous rhombic crystals, soluble in 65 parts of 
water at 60; at a high temperature it is resolved into oxygen and chloride 
of potassium. 

Iodide of Potassium (KI). — Iodine and potassium act upon each other 
very energetically, and often with explosion, and a crystalline compound is 
obtained, white and fusible. When hydriodic acid is saturated with potassa, 
and the solution carefully evaporated, anhydrous crystals of the iodide are 
obtained. The usual mode of procuring this compound consists in dissolving 
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iodine in solution of potassa till it begins to assume a brown color ; on evapo- 
rating to dryness, and fusing the residuary salt at a red heat, iodide of potas- 
sium remains, generally mixed, however, with a little iodate ; if a little char- 
coal is added previous to fusion, the decomposition is complete. If, instead 
of fusing the products, the solution be evaporated nearly to dryness, and 
alcohol poured upon it, the iodide is dissolved, and iodate of potassa remains, 
which, at a red heat, evolves oxygen, and becomes iodide of potassium. 
The action of iodine upon the alkali corresponds with that of chlorine ; that 
is 6K0, and 61, produce 5KI, and KOjIO^; and then, by the application 
of heat, KOJOg becomes KI, and 60 are given off. Iodide of potassium 
is also prepared by decomposing a solution of iodide of iron or of zinc, by 
carbonate of potassa, and filtering and evaporating the resulting solution ; 
FeI-fE:0,C03 become KI, and FeO,CO,. 

Iodide of potassium forms cubic crystals, of an acrid saline taste ; they 
are anhydrous, and slightly deliquescent in damp air. 100 parts of water at 
65° dissolve 143 of this salt, and a considerable depression of temperature 
is produced during the solution. It should be purchased in crystals, which 
ought not to be very deliquescent, and should dissolve in six or eight parts 
of alcohol, sp. gr. -836. They generally redden turmeric, from the presence 
of a little carbonate of potassa. The usual impurities in the iodide, are 
chloride of potassium and sodium, iodate of potassa, and water. To detect 
chlorine, the iodide may be decomposed by nitrate of silver, and the washed 
precipitate digested in strong solution of ammonia; if the filtered solution, 
acidified by nitric acid, gives a white precipitate, it is chloride of silver. 
To detect iodate of potassa, add to the solution of iodide, a solution of tar- 
taric acid. If a yellow or brown color is produced, this indicates the pre- 
sence of iodate. When starch is added, the liquid acquires a deep blue color. 
The aqueous solution of iodide of potassium dissolves a considerable portion 
of iodine ; this solution, under the name of ioduretted iodide of potassium ^ 
is sometimes used in medicine. Iodide of potassium is decomposed by chlo- 
rine, and even when largely diluted, a minute quantity of chlorine discolors 
the solution ; sulphuric or nitric acid (containing nitrous acid) also decom- 
poses it. Chloride of platinum reddens a solution containing only a 12,000th 
of the iodide; and protonitrate of mercury produces a yellow cloud, where 
only a 60,000th is present. Paper which has been bleached by chlorine is 
generally discolored by iodide of potassium ; and if characters are written 
or figures drawn with a solution of iodide of potassium, they are rendered 
visible, in the manner of sympathetic ink, by the slightest breath of chlorine. 
When paper imbued with a mixed solution of starch and iodide of potas- 
sium is exposed to the air in certain situations, it sometimes becomes more 
or less discolored in consequence of the presence of ozone (p. 104) ; there 
are other causes, however, which may occasionally produce this change. 

Iodate of Potassa (K0,I05) is, as above stated, one of the products of 
the action of iodine on a solution of potassa ; after evaporation the iodide of 
potassium may be separated from the iodate by digestion in alcohol sp. gr. 
810, which leaves the latter salt undissolved. Iodate of potassa requires 
about 14 parts of water at 60° for its solution ; it is insoluble in absolute 
alcohol. Its crystals are small cubes, permanent in the air ; at a red heat it 
gives out between 22 and 23 per cent, of oxygen, and is converted into 
iodide of potassium, no periodate being intermediately formed. Its aqueous 
solution is decomposed by sulphuretted hydrogen, and by sulphurous and 
arsenious acids. 

Bromide of Potassium (KBr). — Potassium and bromine act intensely 
upon each other, evolving heat and light, and producing explosion. When 
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bromine is dropped into solution of potassa, the mixture evaporated, and the 
residue heated to redness, bromide of potassium is also obtained. Its sp. gr. 
is 2*4 ; it is white, fusible, and crystallizes in cubes, easily soluble in water, 
and slightly so in alcohol. It is prepared for medical use, by decomposing 
bromide of zinc or bromide of iron, by carbonate of potassa ; it should be 
purchased in crystals, as it is otherwise apt to be impure. 

I^iTRATE OF Potassa ; JSTitre ; Saltpetre (K0,Isr05). — This salt is prin- 
cipally brought to this country from the East Indies, where it is produced 
by lixiviation from certain soils ; but the mode or cause of its formation is 
not well understood ; it is probably connected with the oxidation of ammonia. 
The greater part of the rough nitre imported from the East Indies is in 
broken down crystals, which are more or less deliquescent ; exclusive of other 
impurities, it often contains a considerable portion of common salt, which, 
reacting upon the nitre, sometimes induces the production of nitrate of soda 
and chloride of potassium ; it also usually contains sulphate of lime and 
traces of organic matter. In Germany and France, it is artificially produced 
in what are termed nitre-beds. The process consists in lixiviating old plaster 
rubbish, which, when rich in nitre, affords about five per cent. Refuse 
animal and vegetable matter, which has putrefied in contact with calca- 
reous soils, produces nitrate of lime, which aflfords nitre by mixture with 
carbonate of potassa. 

The loss which rough nitre sustains in refining is technically termed the 
refraction^ and can only be ascertained by analysis, which frequently is some- 
what intricate. 

Mtre crystallizes in anhydrous, six-sided prisms, usually terminated by 
dihedral summits. Its sp. gr. is about 2. The solubility of nitre varies 
extremely with temperature : at 32°, 100 parts of water dissolve 13 '2 of the 
salt ; at tt^, 38 parts; at 1320 9t parts ; at ItG^ 169 parts ; and at 212°, 
246 parts. During the solution of 1 part of powdered nitre in 5 of water, 
the temperature sinks from 50° to 35°. It is insoluble in pure alcohol. The 
crystals of nitre, though the salt is anhydrous, generally contain interstitial 
water ; so that they appear moist when powdered, and lose weight on drying. 
The taste of nitre is cooling and peculiar. 

At a temperature of about 600°, nitre fuses without undergoing change of 
composition, and congeals on cooling. Sometimes it is cast into small balls 
or cakes, called sal prunella. At a red heat, nitre is slowly decomposed ; 
and highly heated in an earthen retort, or gun-barrel, it affords oxygen gas, 
mixed with a portion of nitrogen. In this decomposition, the nitre is first 
converted into hyponitrite of potassa, which is somewhat deliquescent; potassa 
is the final result. 

Nitre is rapidly decomposed by charcoal at a red heat, and the results are 
carbonic oxide and acid, nitrogen, and carbonate of potassa, formerly called 
niirum fixum, and white flux. These mixtures of nitre and charcoal form the 
basis of a variety of compositions used for fireworks, the rapidity of the com- 
bustion being modified by the relative proportion of the charcoal. When 
phosphorus is thrown upon nitre, and inflamed, a vivid combustion ensues, 
and a phosphate of potassa is formed. Sulphur sprinkled upon hot nitre 
burns, and produces a mixture of sulphate and sulphite of potassa, formerly 
employed in medicine under the name oi 'polychrest salt. Many of the metals, 
when in filings or powder, deflagrate and burn when thrown on red-hot nitre. 
A mixture of 3 parts of nitre, 2 of dry carbonate of potassa, and 1 of 
sulphur, forms fulminating powder. If a little of this is heated to about 
330° it blackens, fuses, and explodes with violence, in consequence of the 
rapid action of the sulphur upon the nitre, and the sudden evolution of 
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nitrogen and carbonic acid, the residue being chiefly sulphate of potassa, 
3[KO,NOJ + 2[KO,COJ+5S=5[KO,S03]+3]Sr+2CO,. The action of 
sulphuric acid on nitre has been already described (p. 161). When nitre 
and hydrochloric acid are heated together, chlorine and nitrous acid are 
evolved, and on evaporation to dryness, chloride of potassium remains. 

Gunpowder consists of a mixture of nitre, sulphur, and charcoal, the pro- 
portions varying according to the uses made of it, as follows : — 
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The explosive force of gunpowder depends upon the sudden formation of 
nitrogen and carbonic acid gases, which, at the high temperature at which 
they are evolved, may be considered as amounting to about 1500 times the 
volume of the powder employed. Supposing the combustion perfect, and 
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the resulting products maybe thus represented : K0,N05+ S + 03=3002 + 
N-f KS, the only residue being sulphide of potassium, which gives the fetid 
odor to the washings of a gun-barrel. 

In the manufacture of gunpowder, the nitre and sulphur must be pure, the 
charcoal carefully selected and prepared, and the whole perfectly mixed in 
fine powder. This mixture is moistened, ground and pressed into a cake ; 
it is then granulated, dried, and polished by attrition in revolving barrels. 
The granular form of the powder increases the rapidity of its combustion, by 
enabling the flame so to penetrate it as to kindle every grain nearly at the 
same time; but this combustion, though very rapid, is by no means instanta- 
neous, for in that case scarcely anything would resist its power, and its 
explosion would more resemble that of fulminating mercury or silver, and 
would burst the gun instead of propelling the ball. A cubic foot of good 
gunpowder should weigh about 58 pounds ; and 2 ounces of it, when 
exploded in a mortar 8 inches in diameter, and placed at an angle of 45^, 
should throw a 68 lb. shot about 270 feet. 

Gunpowder is sometimes tried by placing two heaps of about sixty grains 
each upon clean writing paper, three or four inches asunder, and firing one 
of them by a red-hot wire ; if the flame ascends quickly with a good report, 
sending up a ring of white smoke, leaving the paper free from specks and 
not burnt into holes, and if no sparks fly from it so as to set fire to the 
contiguous heap, the powder is good. 

Analysis of Gunpowder. — Weigh off 100 grains reduced to fine powder, 
and dry it at 212^ to estimate the moisture ; then wash it upon a filter with 
boiling water, which dissolves out the whole of ^e nitre ; dry the washed 
residue, and digest it in bisulphide of carbon, which abstracts the sulphur 
and leaves the charcoal. The aqueous solution, if the nitre be pure, should 
not be affected by nitrate of silver or nitrate of baryta. 

Action or Potassium on Ammonia; Potassiamide. — When potassium is 
heated in gaseous ammonia, hydrogen is evolved, and an olive-colored sub- 
stance is obtained, of a crystalline fracture. It burns in oxygen, producing 
hydrated potassa, and nitrogen ; exposed to air, it deliquesces, and evolves 
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ammonia; water acts upon it, producing potassa and ammonia. The volume 
of hydrogen evolved by this action of potassium on ammonia, is the same as 
that which it would have evolved from water; so that when 1 atom of potas- 
sium acts upon 1 of ammonia, 1 of hydrogen is evolved, and the remaining 
elements of the ammonia (namely, 1 atom of nitrogen and 2 of hydrogen) 
combine with the potassium ; now 1 of nitrogen and 2 of hydrogen constitute 
amidogen, hence this resulting compound has been termed potassiamide^ its 
formula being K,NIl2 ; an atom of the hydrogen of the ammonia being 
replaced by an atom of potassium {see page 169). Heated in hydrogen, 
potassium absorbs a portion of that gas, and forms a gray hydride , which is 
very inflammable : it is decomposed by the contact of mercury ; it is said to 
consist of 1 atom of hydrogen combined with 4 of potassium. 

Sulphides oe Potassium. — When sulphur and potassium are heated in 
an exhausted tube, vivid combustion ensues, and if atomic proportions be 
observed, a protosulphide of potassium is formed=K8. So also when a 
stream of hydrogen is passed .over heated sulphate of potassa, water and the 
protosulphide are the results : (KO,S03+4H=KS + 4E[0). If a mixture 
of 2 parts of sulphate of potassa and 1 of lamp-black is heated out of the 
contact of air, a pyrophoriis is formed, which is a mixture of the protosul- 
phide and charcoal. A solution of this protosulphide is obtained by dividing 
a solution of caustic potassa into two equal parts, and saturating one of 
them with sulphuretted hydrogen, by which the compound KS,HS is formed, 
and which, when mixed with the other half of the solution, is converted into 
protosulphide: KS,HS,+K0=2KS-f HO. When this solution is evapo- 
rated, it yields a nearly colorless crystalline product, acrid and alkaline, and 
evolving sulphuretted hydrogen when an acid is added: thus (with sulphuric 
acid) KS + S03H0=K0,S03 + HS. It absorbs oxygen when exposed to 
air, and becomes yellow. 

Bisulphide of Potassium (KS^) is formed by heating four parts of potas- 
sium with three of sulphur; or by exposing an alcoholic solution of KS,HS 
to the air, till it begins to deposit sulphur, and then evaporating in vacuo ; 
it is an orange-colored fusible substance. 

Tersidphide of Potassium (KSg) is formed by passing the vapor of bisul- 
phide of carbon over carbonate of potassa at a red heat ; carbonic oxide and 
carbonic acid are evolved; 2(KO,C03)+3CS3=:C02 + 4CO, + 2KS3. The 
substance formerly known under the name of Liver of Stdphur, is a mixture 
of this tersulphide with sulphate of potassa; it is obtained by heating 'TO 
parts of carbonate of potassa with 40 of sulphur ; carbonic acid is evolved 
and 3KS3+KO,S03 is produced. 

Tetrasulphide of Potassium (KSJ is formed by passing the vapor of sul- 
phide of carbon over heated sulphate of potassa. 

Pentasulphide of Potassium (KS^) is formed when solutions of the pre- 
ceding sulphides are boiled with excess of sulphur ; or when a solution of 
caustic potassa and excess of sulphur are boiled together. In this case, 3 
equivalents of potassa and 12 of sulphur, yield 2 equivalents of the pentasul- 
phide and 1 of hyposulphite of potassa; 3KO + 12S=2KS5+KO,S203. 

Sulphite op Potassa (K0,S02) is formed by passing excess of sulphur- 
ous acid into a solution of potassa, and evaporating out of contact with air. 
Its crystals contain an atom of water. 

Sulphate op Potassa (K0,S03). — This salt is the result of several 
chemical operations carried on upon a large scale in the processes of the 
arts. It is the sal de duohus and arcanum duplicatum of the old chemists. 
Its taste is bitter and saline. It crystallizes in short six-sided prisms, ter- 
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minated by six-sided pyramids. They are anhydrous, and soluble in about 
12 parts of water at 60^, and insoluble in alcohol. This salt is thrown down 
when sulphuric acid is added to a moderately strong solution of potassa. 

When about 2 parts of sulphate of potassa and 1 of lamp-black, intimately 
mixed in fine powder, are heated to redness in a coated phial, and great care 
taken to exclude the air during cooling, the product takes fire on exposure 
to air. It appears to contain a compound of potassium, which powerfully 
attracts oxygen, and thus evolves heat enough to inflame the charcoal and 
sulphur. 

BisuLPHATE OF PoTASSA (KO,HO,2S03) Is formed by heating in a pla- 
tinum crucible SI parts of sulphate of potassa with 49 of sulphuric acid. 
When one atom of sulphate is dissolved in from 3 to 5 atoms of oil of vitriol, 
and evaporated to crystallization, an anhydrous bisulphate first forms in aci- 
cular crystals, but in a few days it liquefies and is converted into rhomboidal 
hydrated crystals. This salt is not decomposed below redness ; at a red heat 
it gives out sulphuric acid, sulphurous acid, and oxygen, and is converted 
into the neutral salt. It is soluble without decomposition in about half its 
weight of boiling water, but by large quantities of water is resolved into 
neutral sulphate and acid. Bisulphate of potassa is also formed by the dis- 
tillation of 1 atom of nitre and 2 of sulphuric acid, as in the process for ob- 
taining Nitric Acid (p. 161) ; and, under the old name of sal enixum, it is 
used for cleansing metals. 

Phosphide of Potassium (KP) is a chocolate-brown compound which 
rapidly decomposes water, evolving phosphuretted hydrogen gas. It is 
formed by cautiously heating atomic equivalents of potassium and phos- 
phorus out of the contact of air. 

Carbonate of Potassa (K0,C02) is a salt of much importance, and 
known in diflerent states of purity under the names of wood-ash^ pot-ash, 
pearl-ash, suhcarhonate of potassa: it was formerly known by other names, 
having reference to its sources; d,^ fixed nitre, salt of tartar, salt of wormwood, 
vegetable alkali, Sc. It may be obtained directly, by passing carbonic acid 
into a solution of potassa, till saturated, evaporating to dryness, and ex- 
posing the dry mass to a red heat ; or indirectly, by burning purified tartar 
(bitartrate of potassa), lixiviating the residue, and evaporating to dryness. 
A 'mixture of purified tartar and nitre projected into a crucible heated to 
dull redness, also affords carbonate of potassa, which may be obtained by 
lixiviation as the preceding (fixed nitre). When succulent vegetables are 
burned, their potassa-salts are for the most part converted into carbonate, 
hence the term vegetable alkali; and particular plants afford it in larger 
quantities than others, especially wormwood. The younger branches of trees 
afford more than the old wood, hence their selection as a source of wood-ash. 

Carbonate of potassa is generally derived from two sources, namely, from 
the carbonate of commerce,- or from the bicarbonate. The carbonate of pot- 
assa of commerce is purified by lixiviating it with its weight of cold water ; 
being more soluble than the salts which usually accompany it, these remain 
undissolved, and the solution, poured off, strained or filtered if necessary, and 
evaporated, leaves the carbonate of potassa. Or the crude carbonate may be 
dissolved in water, filtered, evaporated till the solution acquires the sp. gr. 
1*52, and set aside in a cold place, when the greater part of the foreign salts 
are deposited, and the solution of the carbonate may be poured off; with 
every precaution, however, when thus obtained, it is still impure. When 
required pure, it is obtained by heating the crystallized bicarbonate to a tem- 
perature below redness, but sufficient to expel its water and half of its car- 
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bonic acid. When equal parts of bitartrate and nitrate of potassa are burned 
in successive portions in an iron crucible, the residuary carbonate was form- 
erly called white flux: when 2 parts of tartar are used to 1 of nitre, the whole 
of the charcoal is not consumed, and the product was called hlachflux ; these 
compounds being used in fusing or fluxing metallic ores. 

Carbonate of potassa is fusible without decomposition, at a red-heat ; its 
sp. gr. is 2*24 : it is very soluble in water, which at 55^ takes up nearly its 
own weight. It deliquesces by exposure to air, forming a dense solution, 
formerly called oil of tartar per deliquium. Its taste is alkaline, and it has 
a strong alkaline action upon test-papers. It is insoluble in alcohol. A 
saturated solution of carbonate of potassa in water contains about 48 per 
cent, of the salt, and has a sp. gr. of 1*5. When this solution is evaporated 
till its sp. gr. becomes 1*62, it yields deliquescent crystals which Include 2 
atoms of water. The solution will commonly be found to contain traces of 
sulphate and chloride, as well as oxide of lead dissolved from the glass. 
These impurities may be detected by their appropriate tests. As carbonate 
of potassa is usually derived from the ashes of vegetables, its production is 
limited to countries which require clearing of timber, or where there are 
vast natural forests. If vegetables growing in a soil not impregnated with 
sea-salt are burned, the residue, which is in the form of a brown saline mass, 
contains a large relative proportion of this carbonate, and is commonly 
called rough, or crude potassa. If it be again calcined so as to burn away 
the carbonaceous matter, it becomes a white mass, generally termed pearlash. 

The pearlash of commerce contains a variety of impurities, which render 
it of variable value. In general, its purity may be judged of by its easy 
solubility in cold water, 2 parts of which should entirely dissolve 1 part of 
the salt ; the residue consists of impurities. The quantity of acid of a given 
strength, requisite to saturate a given weight, may also be resorted to as a 
criterion of its purity. Now 355 grains of diluted sulphuric acid of the 
specific gravity of 1'141 neutralize 100 grains of pure carbonate of potassa. 
Hence, if we dissolve 100 grains of the alkali to be examined, in six or eight 
parts of water, and gradually add the test sulphuric acid till we find, by the 
application of proper test-papers, that the alkali is exactly neutralized, we 
may deduce, from the weight of the acid consumed, the proportion of real 
carbonate present : for as 355 is to 100, so is the weight of the test-acid 
employed, to that of the pure carbonated alkali present. To save trouble, 
the acid properly diluted may be put into a glass tube so graduated as to 
show directly the value of the alkali by the quantity consumed in its satura- 
tion. Thus we find, by reference to the scale of equivalents, that 100 parts 
of carbonate of potassa are saturated by tO of sulphuric acid, specific 
gravity 1*84. If, therefore, we put 70 grains of such acid into a tube 
divided into 100 parts, and fill it up with water, it follows that the quantity 
of carbonate of potassa existing in any sample of pearlash under examina- 
tion, will be directly shown by the measure of such diluted acid required for 
saturation ; 100 grains of the sample, if pure carbonate, would require the 
whole 100 measures of acid; but if only containing 50 per cent of pure 
carbonate, the 100 grains would be saturated by 50 measures of the test- 
acid, and so on. Such graduated tubes are sometimes called alhalimeters, 
and are to be obtained from the makers of chemical apparatus, together 
with practical directions for using them. 

Bicarbonate of Potash (K0,H0,2C02) is formed by passing carbonic 
acid into a solution of the carbonate, or by subjecting the moist carbonate 
to excess of gaseous carbonic acid. It may also be obtained by the action 
of sesquicarbonate of ammonia on carbonate of potassa, in which case pure 
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ammonia is evolved. Bicarbonate of potassa forms hydrated prismatic crys- 
tals, which are not deliquescent, and taste slightly alkaline. They require 
for solution about four parts of water at 60°. Boiling water dissolves 
nearly its own weight, but during the solution a portion of carbonic acid is 
evolved, and by long boiling, the salt is said to. become a sesquicarbonate, 
or even carbonate. The solution has an alkaline reaction, and possesses 
most of the chemical properties of the carbonate. It is distinguished from 
the carbonate — 1, in giving no precipitate in the cold, with a solution of 
sulphate of magnesia: and 2, in producing a pale yellowish precipitate with 
a few drops of a solution of corrosive sublimate. A soltition of the car- 
bonate gives immediately a brick-red precipitate of oxychloride of mercury. 
Bicarbonate of potassa is nearly insoluble in absolute alcohol. Exposed to 
a red heat, it evolves carbonic acid and water, and carbonate of potassa 
remains. This salt is generally pure, or very nearly so, and may be con- 
veniently resorted to for the preparation of the carbonate and other salts, 
when purity is required. 

Cyanide of Potassium ('KCgN or KCy) is obtained by heating to red- 
ness, in a covered crucible, a mixture of 8 parts of dry ferrocyanide of 
potassium, and 3 of dry carbonate of potassa, till it no longer gives off gas : 
the iron subsides, and the fused product, when poured off, concretes into a 
white mass, which is a mixture of the cyanide and of cyanate of potassa, 
the reaction being as follows: 2(K,FeCy3)-f 2(KO,CO,)==5(KCy)+KO, 
CyO + FCg-f 2CO3. The formation of the cyanate may be prevented by 
adding to the mixture before fusion an eighth of its weight of powdered 
charcoal; the fused mass may then be digested in boiling alcohol, from which 
the cyanide of potassium crystallizes on cooling. 

Cyanide of potassium should be carefully preserved out of the contact of 
air and water : it may be fused without decomposition, provided air be 
excluded, and is not changed by a red heat ; but with the access of oxygen 
it becomes cyanate of potassa: KCy + 20==KO,CyO. Its taste is pungent 
and alkaline, accompanied with the flavor of hydrocyanic acid, and it is very 
poisonous. It is very soluble in water, and may be obtained from its solu- 
tion, in anhydrous cubic crystals: it is but little soluble in cold alcohol, 
which throws it down from its recent and cold aqueous solution : exposed to 
air, it becomes moist and smells of hydrocyanic acid. It is a powerful 
reducing agent, as respects oxides and sulphides, and as such is used in 
mineral analysis ; the oxides of copper, and those of tin, iron, and lead, are 
immediately reduced when sprinkled into the fused cyanide. When cyanide 
of potassium effervesces wi^h acids, it contains either cyanate or carbonate 
of potassa : a yellow tint indicates the presence of iron : if it blackens 
when calcined, it is contaminated by formate of potassa. 

Cyanate of Potassa (KO,CyO). — The preparation of this salt has been 
described under Cyanic Acid (p. 262). It is decomposed both by water 
and acids, which convert the cyanic acid into carbonic acid and ammonia ; 
in fact, by exposure to air, it exhales ammonia, and becomes bicarbonate of 
potassa. It crystallizes in vsmall plates ; tastes like saltpetre ; is anhydrous; 
and in close vessels excluded from air and moisture may be fused without 
decomposition. 

SuLPHOOYANiDE OF POTASSIUM (KjCgNSg) may be formed by boiling 2 
equivalents of finely powdered sulphur in a solution of 1 equivalent of 
cyanide of potassium : it yields prismatic crystals which are of a cooling 
bitter taste, deliquescent, and anhydrous. In close vessels this salt fases, 
and concretes on cooling into an opaque crystalline mass : heated in thie air, 
20 
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it is decomposed, and if moisture be present, carbonate of ammonia and sul- 
phide of potassium are formed. " For the chemical characters of this and' 
other sulphocyanides, see page 210. 

Ferrocyanide of Potassium. Prussiate of Potass a (KgjFejCyg).-— 
When iron filings are digested in a solution of cyanide of potassium, and 
the mixture is exposed to air, oxygen is absorbed and this compound is 
produced. If air is excluded, the water is decomposed, and hydrogen is 
liberated. On evaporation a salt is obtained which has the formula (K^ 
FeCygjBHO). A mixture of sulphide of iron and cyanide of potassium also 
forms the ferrocyanide, and sulphide of potassium. When Prussian blue 
is boiled with potassa it is decomposed, oxide of iron is separated, and on 
filtering and evaporating the solution, crystals of the ferrocyanide are 
obtained. 

This salt is largely prepared as an article of commerce, chiefly for the iise 
of calico-printers, by calcining at a red heat, in a globular iron vessel, a 
mixture of carbonate of potassa with animal matters, such as horns and 
hoofs, woollen rags, or parings of leather. The fused mass takes a portion 
of iron from the iron vessel, and this forms prussiate cake. When cold it is 
lixiviated, and the evaporated solution yields an impure product, which 
when redissolved and slowly crystallized, furnishes the purified salt. In 
this operation the cyanogen derived from the nitrogen and carbon of the 
organic matter, combines with the potassium and iron to produce the 
ferrocyanide. 

Ferrocyanide of potassium forms permanent yellow, tabular, and octahe- 
dral crystals (==K3,Fe,Cy3,3HO), of the specific gravity of 1*83: they are 
insoluble in alcohol. Water at 60° takes up about one-third, and at 212*^j 
its own weight of this salt. It has a bitter, saline, and sweetish taste, and 
is not poisonous. When moderately heated it loses color, and crumbles 
into powder, parting with about 13 per cent, of w^ater. By a red heat it is 
converted with the escape of nitrogen, into carbide of iron and cyanide of 
potassium : and in the presence of air the latter salt becomes cyanate of 
potassa, and the iron is oxidized. Boiled with dilute sulphuric or hydro- 
chloric acid, hydrocyanic acid is given out, and a w^hite precipitate is formed 
similar to that which the salt produces iu a solution of protosulphate of iron. 
By nitric acid or by chlorine it is converted into ferricyanide of potassium^ 
The action of concentrated sulphuric acid upon this salt is attended by the 
evolution of carbonic oxide. ^N'either sulphuretted hydrogen, the hydrosul- 
phates, the alkalies, nor tincture of galls, produce any precipitate in solu- 
tions of this salt. Red oxide of mercury decomposes it at a moderate heat, 
peroxide of iron and metallic mercury are precipitated, and cyanide of mer- 
cury is formed ; so that the iron is peroxidized at the expense of the oxide 
of mercury. When a solution of this salt forms insoluble precipitates in 
metallic solutions, the nature of the metal present may often be judged of 
by the character and color of the precipitate. This is white or nearly so, 
with the salts of manganese, zinc, tin, cadmium, lead, bismuth, antimony, 
protosalts of iron, mercury and silver; yellowish-green with those of cobalt; 
reddish-brown, with those of copper and uranium; Mwe, with the persalts of 
iron, and pea-green, with the salts of nickel. It, therefore, forms a good 
eliminating or general test for many metals. It is also employed as a re- 
ducing agent for arsenic and its sulphides. When a mixture of ferrocyanide 
of potassium with dilute sulphuric acid is subjected to distillation, hydro- 
cyanic acid is evolved, and a ferrocyanide, represented by the formula K, 
Fe^Cyg, and known as Everitt's yellow salt, is among the products (page 
265). The following diagram shows the changes which ensue when 6 atoms 
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of sulphuric acid are heated with 2 atoms of crystallized ferrocyanide of 
potassium. 



BEFORE DISTILLATIONo AFTER DISTILLATION. 

Atoms. Eqv. Atoms. Eqv. 

Bisulpliate of potassa 3 384 

Hydrocyanic acid . 3 81 

Cyanide of potassium 1 ) Yellow ( 6*6 

Cyanide of iron . 2 | Salt ( 108 

Water ... 9 81 



Sulphuric acid . . 6 240 "^ 

Cyanide of potassium .4 264 

Cyanide of iron . . 2 108 

■TTT ^ ( 6 in the acid ) ^ o mo 

W^*^^ 16 in the salt ^^ 108 



720 720 

Ferrioyanide of Potassium (K3,Pe3,Cyg).— When chlorine is passed 
through a solution of ferrocyanide of potassium till the liquor ceases to pre- 
eipitate Prussian blue from the persalts of iron, and then filtered and slowly 
evaporated, it furnishes right rhombic prismatic crystals, which, purified by 
a second solution, assume a ruby-red color ; they are anhydrous, and require 
3 -8 parts of cold water for solution, and are nearly insoluble in alcohol. 
They burn with brilliant scintillations, and when heated in close vessels, give 
off cyanogen and nitrogen, and leave ferrocyanide of potassium and carbide 
of iron. When dissolved in water, this salt is decomposed by sulphuretted 
hydrogen, sulphur and cyanide of iron are precipitated, and hydrocyanic acid 
and ferrocyanide of potassium formed. This salt occasions no precipitate in 
solutions of iron containing the peroxide only, but it is a most delicate test 
of the protoxide J with which it forms a blue precipitate. In its formation the 
chlorine abstracts one-fourth of the potassium of the ferrocyanide, producing 
chloride of potassium and ferricyanide, 2(K2,Fe,Cy3) + Cl,==KCl+K3,Fe2, 

Silicates op Potassa. —When silica and potassa are fused together they 
combine in various proportions and produce a series of silicates, differing in 
solubility and fusibility, according to the preponderance of the base or of 
the acid. When the alkali is in excess, the product is soluble in water ; but 
with excess of silica it is insoluble, and constitutes a species of glass (see 
Silicate of Soda). When finely divided silica is added to fused carbonate 
of potassa, carbonic acid is evolved, and by using atomic proportions, a 
compound may be obtained represented, by K0,Si03, in which 47 parts of 
potassa are united to 46 of silica. When 1 part of silica and 4 of caustic 
potassa are fused together and slowly cooled, a part of the compound may be 
poured out of the crucible before the whole has solidified, and pearly crystals 
are formed in the residuary portion. 

Tests foe Potassa and its Salts.-— A solution of pm^e potassa is charac- 
terized— 1. by a strong alkaline reaction on test-paper ; 2. by its giving a 
brown precipitate with a solution of nitrate of silver (oxide of silver). This 
distinguishes it from solutions of carbonate and bicarbonate of potassa, both of 
which give a yellowish-white precipitate (carbonate of silver) ; 3. The solution 
gives a crystalline precipitate of acid tartrate of potassa, when a large excess 
of a concentrated solution of tartaric acid is added to it. The solution must 
not be too dilute. The precipitate is soluble in 180 parts of water, and is 
readily dissolved by mineral acids and by alkaline solutions. The addition 
of a small quantity of alcohol promotes this reaction ; 4. Chloride of platinum 
gives with the solution a yellowish precipitate of platinochloride of potassium 
(KCljPtCig) (100 parts of this precipitate, when dried, correspond to 16-03 
of potassium, 19'33 of potassa, and 40*39 of platinum) ; 5. A clean platinum 
wire dipped into the solution, and introduced into a smokeless flame, gives a 
pale violet color to it. A small quantity of the liquid, burnt with alcohol 
in a platinum capsule, will give a similar color to the flame. 
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The solution of potassa is precipitated by the solutions of the picric, per- 
chloric, and fluosilicic acids. The last is frequently employed for separating 
the acid from its salts (page 288). 

The solutions of the salts of potassa when sufficiently concentrated, give 
precipitates with tartaric acid and chloride of platinum, similar to those 
obtained with the solution of the pure alkali. In the smallest quantity on 
platinum wire, they tinge flame of a pale violet color. This color is per- 
ceptible through blue glass, or a diluted solution of sulphate of indigo. In 
using chloride of platinum to detect potassa-salts, the absence of ammoniacal 
salts must be previously ascertained, as they produce analogous effects upon 
this reagent ; or the platinum-test may be applied after the salt has been 
subjected to a red heat, by which the salts of ammonia will have been decom- 
posed or evaporated. When chloride of platinum is used in quantitative 
analysis, it should be added in excess to the potassa-solution, together with a 
drop or two of hydrochloric acid, and the mixture evaporated at 212^. The 
residue should then be washed with a mixture of equal parts of proof spirit and 
water, which removes everything except the platino-chloride of potassium= 



CHAPTER XXIV. 
SODIUM (Nsi~23). 

^(mmw {Natrium) was discovered by Davy in 1808. It is obtained from 
carbonate of soda by a process similar to that for potassium. It is soft, 
malleable, and easily sectile : it does not, like potassium, become brittle at 
32°, but even at that low temperature several globules may be welded 
together by pressure. In color it somewhat resembles silver, but rapidly 
tarnishes on exposure to air. Its sp. gr. is 0*9^. It softens at about 122^ ; 
it fuses at about 200°, and is volatile at a white heat, its vapor being color- 
less. It burns with a yellow flame when heated in contact with air, and 
requires the same cautions to preserve it from oxidizement as potassium. 
Sodium, when placed on a large surface of cold water, does not take fire and 
burn like potassium. It decomposes the water without combustion. If, 
however, one or two drops of water are placed on a fresh-cut slice of sodium, 
the heat is so intense, that it immediately takes fire and burns with a yellow 
flame. If wrapped in a small muslin bag, and placed on water, or even on 
ice, the metal will also take fire and burn. 

Sodium and Oxygen ; Protoxide of Sodium ; Soda ; (NaO); — The 
affinity of sodium for oxygen appears to be somewhat less than that of potas- 
sium. It is more slowly oxidized on exposure to air ; but the protoxide is 
the result of the action of air or water. Anhydrous soda is obtained in the 
same way as anhydrous potassa, and resembles it in appearance, but is less 
fusible and less volatile. 

Peroxide of Sodium (Na^Og) — By heating sodium in oxygen, it burns 
vividly, and a yellowish-green peroxide is formed, which, by the action of 
water, evolves oxygen, and produces a solution of the protoxide. 

Hydrate of Soda ; Caustic Soda (ISraO,HO) is obtained from the car- 
honate, by the action of lime, as described under the head of Potassa, Hy- 
drate of soda is white, opaque, brittle, and deliquescent ; its sp. gr. is 2*0 ; 



CHLORIDE OF SODIUM. 309 

it requires a red heat for fusion j and when intensely heated evaporates and 
tinges the flame yellow. It has the same general characters as hydrated 
potassa ; like it, it retains water at a red heat, and is deprived of it by the 
same means. 

The following table shows the proportion of anhydrous soda in solutions 
of different specific gravities :— 



Specific gravity 


Dry soda per cent. 


Specific gravity 


Dry soda per cent. 


of solution. 


by weight. 


of solution. 


by weight. 


1-85 


63-6 


1-36 


26-0 


1-72 


53-8 


1-32 


23-0 


1-63 


46-6 


1-29 


19-0 


1-56 


41-2 


1-23 


16-0 


1-50 


36-8 


1-18 


13-0 


1-47 


34-0 


1-12 


9-0 


1-44 


31-0 


1-06 


4-7 


1-49 


29-0 







Hydrated soda is distinguished from hydrated potassa by forming an efflo- 
rescent paste when long exposed to the atmosphere : potassa under the same 
circumstances, remains deliquescent. The chemical properties of the solution 
of soda as an alkali, are similar to those of potassa. It may also contain 
the same impurities : oxide of lead is frequently present in it, as the result of 
a chemical action on the glass. This impurity is detected by the addition 
of sulphuretted hydrogen or sulphide of ammonium, either of which will 
give a brown color to the liquid, if lead should be present. 

Chloride of Sodium ; Sea Salt ; Muriate of Soda ; (NaCl). — Sodium 
when heated in chlorine burns vividly, and produces this compound. It 
exists abundantly in nature both as a solid fossil, {sal gemme)^ and in the 
ocean, and in brine-springs. Extensive beds of it occur in Cheshire, where 
it is known under the name of rock'Salt. From these sources the immense 
demands are supplied ; that is, either by evaporating brine-springs, or sea- 
water, or quarrying it from the mine. In sea-water it amounts to ai30ut 2*7 
per cent, or to about 4 ounces in the gallon. When heated, chloride of 
sodium decrepitates. At a red heat it fuses without undergoing decomposi- 
tion, and on cooling concretes into a white mass ; at a bright-red heat it 
sublimes, and tinges flame of a blue color. It is insoluble in absolute alcohol, 
but dissolves in proof spirit. It is taken up nearly in the same proportion 
by cold and by hot water ; 100 of water dissolving 37 of salt ; or 1 of salt to 
2*7 of water. Concentrated hydrochloric acid precipitates chloride of sodium 
from its concentrated aqueous solution. When pure, chloride of sodium 
does not alter by exposure to air, though it is generally more or less deli- 
quescent, from containing chlorides of magnesium and calcium. Obtained 
by slow or spontaneous evaporation, it crystallizes in solid cubes ; but when 
procured at a boiling heat, by removing its crystals from the surface of its 
solution, it forms hollow quadrilateral pyramids. The crystals are anhydrous, 
though they often include interstitial water. Their specific gravity is 2*557. 

Chloride of sodium is decomposed by moist carbonate of ammonia ; bi- 
carbonate of soda, sal-ammoniac and free ammonia are formed ; with moist 
carbonate of potassa, it yields chloride of potassium and carbonate of soda. 
In the process for obtaining hydrochloric acid it is decomposed by sulphuric 
acid. In this decomposition, the oxygen of the water of the sulphuric acid 
is transferred to the sodium of the salt, the chlorine of which combines with 
the hydrogen of the water to produce hydrochloric acid, and the oxide of 
sodium unites with the dry sulphuric acid to produce sulphate of soda 
(NaCl-f S03,HO=NaO,S03+HCl). Chloride of sodium is also decom- 
posed by nitric acid : effervescence ensues, chlorine tinged with nitrous 
acid is evolved, and, provided a sufiSciency of nitric acid has been used, 
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nitrate of soda remains on evaporation to dryness. When chloride of sodium 
is triturated with oxalic acid and heated hydrochloric acid is evolved, and 
oxalate of soda formed, so that when the residue is heated to redness, car- 
bonate of soda remains. When chloride of sodium and ferruginous clay are 
heated together, the silica and alumina of the clay are vitrified by the soda 
of the salt, and its chlorine combines with the iron ; it is upon this principle 
that salt is used as a glaze for stoneware ; when thrown into the furnaces in 
which the articles are baked, it is volatilized, and decomposed upon their 
surfaces. It is of most extensive use as a preservative of food ; as a condi- 
ment ', as a source of soda, of hydrochloric acid, and chlorine ; and for 
various agricultural and horticultural purposes. 

Chloride oi Soda ; Chlorite of Soda ; Hypochlorite of Soda.— ■ 
These names have been applied to a compound formed by passing chlorine 
into a cold and dilute solution of caustic soda, or by decomposing chloride 
of lime by a solution of carbonate of soda. It is powerfully bleaching, and 
smells of chlorine : exposed to air, it absorbs carbonic acid and evolves 
chlorine. When heated it undergoes changes similar to those produced by 
passing chlorine into a solution of soda, that is, chlorate of soda and chloride 
of sodium are formed. 

Ldbarraqueh disinfecting liquid^ which is essentially a hypochlorite, is 
made by passing chlorine into a solution of carbonate of soda (see page 814). 

Bromide of Sodium (NaBr).— Sodium and bromine act upon each other 
with much intensity; the result is a fusible compound, soluble in water and in 
alcohol, and crystallizing at 86° in anhydrous cubes, but at lower tempera- 
tures in hexagonal tables, containing 26*31 per cent, of water. 

Iodide of Sodium (Nal) .Iodine and sodium act upon each other with 

the same phenomena as in the case of potassium. Iodide of sodium may also 
be formed by adding iodine to a solution of caustic soda, evaporating to dry- 
ness, and fusing the residue. It is contained in the mother-liquor of kelp, 
in the ashes of burned sponge, and in the oyster. {^See Iodine, p. 189.) 

Nitrate of Soda (NaO,N05).— This salt (formerly called cubic nitre) 
may be obtained by neutralizing carbonate of soda by dilute nitric acid. It 
crystallizes in rhomboids, soluble in 3 parts of water at 60°. It has a cool 
sharp flavor, and is somewhat deliquescent in damp air, and therefore unfit 
for the manufacture of gunpowder. A mixture of 5 parts of nitrate of soda, 
1 of charcoal, and 1 of sulphur, burns more slowly than a similar mixture 
with nitrate of potassa : its flame is yellow. Large quantities of native nitrate 
of soda occur in Peru, forming a stratum covered with clay and alluvium, of 
many miles in extent, and it is now a considerable article of trade. It may 
be employed in fireworks, and used as a substitute for nitre (it being cheaper) 
in the manufacture of nitric acid, of sulphuric acid, and in other cases in 
which nitre is consumed. It is too expensive as a source of soda. It is 
frequently employed as a manure. At a red heat it is decomposed with 
results similar to those of nitrate of potassa, and is ultimately resolved into 
soda, nitrogen, and oxygen. It has been suggested as an economical source 
of oxygen for the supply of the lime light. 

Sodium and Sulphur.— The account of the action of sulphur on potas- 
sium and potassa, and of sulphuretted hydrogen upon solution of potassa, 
applies generally to sodium and soda, and their corresponding compounds. 

Hyposulphite of Soda (NaO,S202). — This salt may be procured by the 
various processes which have been described at page 283. It is now manu- 
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factored on a large scale for the purpose of photography, and is usually 
seen in prismatic crystals. It is very soluble in water. Its solution has a 
bitter, nauseous taste. It is decomposed by heat. Its chemical properties 
have been elsewhere fully described (p. 208). 

Sulphite of Soda (NaOySOJ is obtained in the same way as sulphite of 
potassa : it is crystallizable in prisms, soluble in four parts of water at 60°. 
The crystals contain 8 atoms of water. There is also a crystallizable MsuU 
phtte of soda ^ obtained by passing a current of sulphurous acid gas through 
a solution of carbonate of soda till fully saturated ; it yields on evaporation, 
four-sided rectangular prisms, having a sulphurous taste and smell, and red- 
dening vegetable blues. 

Sulphate op Soda; Glauber's Salt; Sal Mirabile (NaO,S03); is 
abundantly produced in various processes of the arts, by the action of oil of 
vitriol upon chloride of sodium : S03,HO,+NaCl=NaO,S03-f HOI. An- 
hydrous sulphate of soda may be obtained by drying the common hydrated 
crystals upon a sand-heat ; they fall into a white powder, which reabsorbs 
water with the evolution of heat. When a hot concentrated solution of 
sulphate of soda is suffered to deposit crystals (at a temperature between 
90° and 100°) they are anhydrous .rhombic octahedra. 100 of water at 51° 
dissolve 10*58 of this anhydrous salt, and the solution, set aside to cool and 
crystallize, gives the common decahydrated crystals. The ordinary crystals 
(decahydrated sulphate of soda) are deposited from solutions cooled to com- 
mon temperatures ; they are large transparent striated prisms. They are 
efflorescent, and by due exposure to dry air, lose their water, crumbling 
into powder, which, however, in damp air, reabsorbs water, with increase of 
bulk. When gently heated, the crystals fuse, and at the same time deposit 
anhydrous sulphate ; their taste is saline and slightly bitter ; they are inso- 
luble in alcohol. The solubility of sulphate of soda in water follows a sin- 
gular law. After having increased rapidly to about the temperature of 92°, 
where it is at its maximum, it diminishes to 215°, and at that temperature 
the salt is nearly of the same solubility as at 81°. 

Bisulphate of Soda (NaO,2S03) is obtained by adding sulphuric acid to 
a hot solution of sulphate of soda. It crystallizes in rhombic prisms, soluble 
in twice their weight of water at 60°, and containing water of crystallization. 
By adding half an equivalent of oil of vitriol to sulphate of soda, and evapo- 
rating the solution, crystals of a sesquisulphate, 2NaO,3S03, are deposited. 

Phosphates of Soda.—!. Trihasic phosphates. '--^Theve are three phos- 
phates of soda belonging to the tribasic class : they have been usually dis- 
tinguished as common or rhomhic phosphate, suhphosphate, and Mphosphate, 
The ammoniophosphate also belongs to this class. 

Common or rhomhic phosphate ^ 2(NaO),HO,P05+24HO. This salt (the 
sal perlatum of old writers), is obtained by saturating the phosphoric acid 
prepared from calcined bones by sulphuric acid, with carbonate of soda : the 
liquor is filtered, evaporated, and set aside to crystallize. The crystals are 
alkaline to test-paper, superficially efflorescent, and soluble in about 4 parts 
of cold water. This salt has a slightly saline and alkaline flavor, and has 
been used in medicine as an aperient. The crystals when moderately heated, 
fuse in their water of crystallization ; at a dull red-heat, the salt runs into a 
clear glass, which becomes opaque on cooling (pyrophosphate). When a 
solution of this phosphate is dropped into nitrate of silver, it forms a yellow 
precipitate (p. 226). 

Suhphosphate of Soda, 3[N'aO]P05-f 24HO.— When excess of caustic 
soda is added to a solution of the preceding salt, it yields on evaporation 
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slender six-sided prisms, which are permanent in the air, soluble in 5 parts 
of water at 60°, and undergo watery fusion at nO°. The solution of this 
salt absorbs carbonic acid, and is deprived of one-third of its alkali by the 
weakest acid. This salt continues tribasic after exposure to a red heat. 

Bi'phospliate of Soda, ]SraO,2(HO),P05-f2HO, is obtained by adding ter- 
hydrated phosphoric acid (p. 21 S) to a solution of the common phosphate, 
till it ceases to precipitate chloride of barium. The solution in cold weather 
affords crystals, which are very soluble, and have a distinctly acid reaction. 
It precipitates nitrate of silver of a yellow color. 

Ammomophosphate of Soda (NaO,NH40,HO,P05 4-8HO). — This salt ex- 
ists in urine, whence it was procured by the early chemists under the names of 
microcosmic and fusible salt. It may be formed by dissolving in water 5 parts 
of crystallized rhombic phosphate of soda with 2 of crystallized phosphate 
of ammonia, and evaporating. It forms transparent prisms of a saline and 
cooling taste, very soluble, and which effloresce and lose ammonia in a dry 
atmosphere. 

2. Bihasic Phosphates. Pyrophosphates. — There are two phosphates of 
soda belonging to this class, commonly called the pyrophosphate and hipyro- 
phosphate. — Pyrophosphate of Soda [2(NaO,) PO5+IOHO] is obtained by 
heating the common phosphate to redness, when it loses its basic water and 
water of crystallization, and becomes anhydrous pyrophosphate,=^2[^aOj'] 
PO3. Dissolved in hot water, this anhydrous salt yields permanent prismatic 
crystals on cooling, containing 10 atoms of water ; these crystals are less 
soluble than those of the common phosphate, and their solution precipitates 
nitrate of silver, white^ and has an alkaline reaction. The insoluble pyro- 
phosphates, with the exception of that of silver, are soluble to a certain 
extent in the solution of pyrophosphate of soda. The pyrophosphates of 
ammonia and of potassa exist in solution, but when they crystallize they pass 
into tribasic salts (p. 228). 

Bipyrophosphate of Soda (NaO,HO,P03).— This salt is formed by the 
application of a graduated heat to the biphosphate of soda ; its solution has 
an acid reaction, and does not crystallize. It throws down white pyrophos- 
phate of silver from nitrate of silver. 

3. Monobasic Phosphates; Metaphosphate of Soda (]SraO,P05) When 

any of the preceding phosphates which contain only 1 equivalent of fixed 
base (soda) are heated to redness, they afford metaphosphate : when bipyro- 
phosphate is used, the properties of the resulting salt vary with the tempera- 
ture to which it has been subjected j thus if heated to 500°, it becomes neutral, 
but still retains the characters of a pyrophosphate. At a temperature some- 
what higher, but below redness, it becomes very difficultly soluble, and only 
feebly acid ; when evaporated, its solution does not give crystals, but dries 
into a transparent pellicle like gum, which retains at the temperature of the 
air somewhat more than a single equivalent of water. Added to neutral and 
not very dilute solutions of earthy and metallic salts, metaphosphate of soda 
throws down insoluble hydrated metaphosphates, of which the physical con- 
dition is remarkable j they are all soft solid or semifluid bodies, the meta- 
phosphate of lime having the degree of fluidity of Yenice turpentine (p 226). 

Carbonate op Soda (ISraO,C03).— -This important salt was formerly ob- 
tained by the combustion of marine plants, the ashes of which afforded by 
lixiviation the impure alkali called soda. Two kinds of rough soda were 
known in the market, barilla and help; besides which, some native carbonate 
of soda was also imported from Egypt. Barilla is the semifused ash of the 
salsola soda. Kelp is the ash of sea-weeds, collected upon many of the 
rocky coasts of Britain. It seldom contains more than 5 per cent, of car- 
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bonated alkali, and about 24 tons of sea-weed are required to produce 1 ton 
of kelp. The best produce is from the hardest deep-sea fuci^ such as the 
serratus, digitatus, nodosus, and vesiculosus. 

Kelp is now chiefly important as a source of iodine, the large commercial 
demands for carbonate of soda being supplied by the decomposition of 
sulphate of soda. The process consists, 1. In the conversion of chloride of 
sodium into sulphate of soda or salt cake. 2. In the production of Hack ash, 
by heating sulphate of soda with chalk and coal. 3. In the extraction of 
carbonate of soda from the black ash. The furnace in which the chloride of 
sodium is decomposed consists of an iron vessel of the shape of a flattened 
sphere, having two openings, one in front, for the introduction of the charge^ 
and the other opposite to it, through which the charge is thrust out into the 
roaster. From the upper part of the decomposing pan a pipe issues for the 
conveyance of the hydrochloric vapors into the condenser, which consists of 
two or more lofty turrets communicating with each other and filled with 
large pebbles, or with fragments of coke, and through each of which a 
stream of water is allowed slowly to flow (from a reservoir at the summit), 
which having absorbed the hydrochloric gas, runs off at the bottom into a 
receiver. The gases or vapors enter the first tower at its base, and passing 
upwards, are conveyed, by a pipe of communication, into the upper part of 
the second tower, through which they pass downwards. The hydrochloric 
acid is thus removed, and the uncondensable gases pass off into a lofty 
chimney with- which the base of the second tower is connected by a flue ; in 
this way a current of air is constantly drawn from the decomposing pans, 
and from the part of the furnace called the roaster, which is also supplied 
with a separate pipe communicating with the condensing towers. In the 
decomposing pans, the original charge of sulphuric acid and salt, is converted 
into a mixture of bisulphate of soda and undecomposed chloride ; but when 
the charge is pushed on into the second division of the furnace, or roaster, 
the decomposition is completed by the higher heat, and the bisulphate of 
soda, acting on the undecomposed chloride, converts the whole into neutral 
sulphate, or salt calce. In the next step of the process, this rough sulphate 
of soda is mixed with its weight of bruised chalk or limestone, and somewhat 
less than its weight of small coal. This mixture is heated and ultimately 
fused in a proper furnace, during which it gives out jets of inflammable gas; 
and when these cease, the charge is raked out into iron barrows, and in this 
state it is called hall soda or hlach ash. This is then broken up and lixivi- 
ated with warm water, so as to extract all that is soluble ; the solution is 
allowed to settle, and then evaporated in shallow pans, and the product so 
obtained is mixed with sawdust and roasted in a reverberatory furnace ; it 
thus yields the crude carbonate of soda known under the name of soda ash, 
and from this the purified crystallized carbonate is obtained. The chemical 
changes concerned in the above operations are chiefly these : when, as in the 
preparation of black ash, sulphate of soda is fused with carbon and carbonate 
of lime, carbonic oxide is evolved and sulphide of sodium formed; this and 
the carbonate of lime then react on each other so as to form carbonate of 
soda and sulphide of calcium, the latter being combined with excess of lime 
so as to be insoluble in water. 1 equivalent of sulphate of soda, 1 of car- 
bonate of lime, and 4 of carbon, would thus produce I of carbonate of soda, 
1 of sulphide of calcium, and 4 of carbonic oxide, NaO,S03 + CaO,C03 + 4C 
=NaO,0O3+CaS + 40O. Some other processes for the production of 
carbonate of soda from common salt, have been proposed, but none have 
hitherto superseded the above. 

The usual form of the common crystallized carbonate of soda is a rhombic 
octahedron. It is soluble in twice its weight of water at 60°, and in less 
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than its own weight at 212°. Its taste and reaction are alkaline. It fuses 
readily in its water of crystallization, and on pouring off the fused salt, a 
portion of monohydrated carbonate remains. Exposed to a dry atmosphere, 
the crystals effloresce, and at a red heat lose the whole of their water. 
When the vapor of a boiling solution of carbonate of soda is introduced into 
a flame, it gives it a yellow color, in consequence of traces of the salt passing 
off with the aqueous vapor. Crystals containing smaller proportions of 
water may be obtained, but these rarely occur, and the usual crystals are, 
NaO,COy,10HO. The principal impurities contained in carbonate of soda 
are detected as follow^s : 1. Sulphate of soda, A precipitate by chloride of 
barium w^hen the solution is supersaturated with hydrochloric acid. 2. Chlo- 
ride of sodium. By a precipitate with nitrate of silver in the solution 
supersaturated by nitric acid. 3. Salts ofpotassa, by chloride of platinum, 
or tartaric acid. 4. Lime, by oxalic acid. Carbonate of lime is rendered 
soluble to a certain extent by carbonate of soda, and such a solution cooled 
to 32° deposits a white crystalline powder composed of the two carbonates. 
Oxide of lead from flint glass is detected by the solution giving a brown 
precipitate with sulphide of ammonium. 

Chlorinated Carbonate of Soda. — By proper management, chlorine 
may be combined with a solution of carbonate of soda ; the resulting combi- 
nation has been termed Laharraqueh disinfecting liquid. It is obtained as 
follows : 2800 grains of crystallized carbonate of soda are dissolved in 1*28 
pints of water, and the chlorine slowly evolved from a mixture of 96t grains 
of salt with Y50 grains of black oxide of manganese, and 96*7 grains of sul- 
phuric acid, previously diluted with 150 grains of water, is carefully passed 
into it. No carbonic acid escapes, and a pale yellow liquid is the result ; 
its taste is sharp, saline, and astringent, and it at first reddens, and then 
bleaches turmeric paper. It is but little changed by a boiling heat, and 
gives out no chlorine. By carefal evaporation, it furnishes crystals which 
produce the original liquid when redissolved ; but exposed to the air, and 
suffered to evaporate spontaneously, the chlorine escapes, and crystals of 
carbonate of soda are obtained. 

Bicarbonate of Soda (]SraO,HO,2C03) is formed by passing carbonic 
acid through a strong solution of the carbonate ; a granular or crystalline 
powder is deposited, which, when carefully dried at common temperatures, 
is composed as above. This salt may also be obtained by condensing car- 
bonic acid upon crystals of the carbonate ; a portion of the water of the latter 
salt separates, and when the gas ceases to be absorbed, it is found converted 
into a porous and friable bicarbonate, which must be carefully dried at a low 
temperature, otherwise it loses a portion of its carbonic acid. Bicarbonate 
of soda has a slight alkaline taste and reaction. It is much less soluble than 
the carbonate, requiring 10 of water at 60°. The crystals of this bicarbonate 
are rectangular prisms. It loses carbonic acid if moistened and left in the 
vacuum of an air-pump ; the gas is also evolved when 1 part of the salt is 
boiled with 4 of water. In these cases it is converted into a sesquicarhonate. 
When long exposed to damp air, it is converted, after some months, into 
pentahydrated monocarbonate (NaO,C03,5IIO). Its solution gives no pre- 
cipitate with sulphate of magnesia, while a solution of the carbonate is im- 
mediately precipitated. 

Sesquioarbonate of Soda (2NaO,3C03).— This carbonate of soda occurs 
native in the Soda Lakes of Hungary ; also in Africa, near Fezzan, where 
the natives call it Trona: it is in hard striated crystalline masses, not altered 
by exposure to air : a productive soda lake also exists in South America, at 
Maracaibo. 
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Carbonate of Soda and Potassa (ISTaOjCOg+KOjCOJ is obtained by 
fusing the salts in single atomic equivalents : the double salt is much more 
fusible than its components, and is therefore conveniently used in many cases 
of mineral analysis by fusion, as in the analysis of insoluble silicates (page 
286). When dissolved in water the component carbonates separate. 

Borate of Soda ; Borax ; Biborate op Soda ; (]SraO,2B03). — This salt, 
formerly imported from India, under the name of Tincal^ is now manufac- 
tured by combining soda with the native boracic acid procured from Tuscany. 
Common borax crystallizes in transparent prisms, slightly efflorescent. Its 
taste is cooling and alkaline; it has an alkaline reaction upon turmeric. It 
is soluble in 12 parts of cold, and 2 of boiling water. When heated it loses 
water of crystallization, and becomes a porous friable mass, called calcined 
horax. At a red heat it runs into a transparent glass, which, by exposure 
to air, becomes opaque and pulverulent upon the surface. The common 
crystallized borax is a decahydrate=]SraO,2BO3,10HO. This salt is decom- 
posed by the greater number of the acids. {See Boracio Acid, page 216.) 
It is often used as a blowpipe flux for vitrifying metallic oxides, and forming 
beads of different colors : violet with manganese ; green with iron, chromium 
and copper ; blue with cobalt ; and slightly yellow with some of the colorless 
oxides. In the reduction of the metals by charcoal, borax is often useful as 
forming a medium through which the globules fall and collect into a button, 
being at the same time protected from the air. At the potteries it is used 
in the glazes applied to the better kinds of earthenware, and to porcelain. 
Alone, or mixed with phosphate of ammonia or soda, borax may be employed 
to render muslin, paper, wood, and other materials, to a certain extent in- 
combustible ; this it does by covering them with a vitrifiable glaze by which 
the access of air is prevented. Borax is also used in the process of solder- 
ing ; when, for instance, two surfaces of copper are to be soldered together, 
they are scraped or rubbed clean, sprinkled with a mixture of powdered 
borax and solder-filings, and heated till the solder fuses so as to alloy with 
the copper and make a perfect joint : the borax not only prevents the contact 
of air, and consequent oxidation of the metals, but dissolves any oxide acci- 
dentally formed, and so retains the surfaces in that perfectly clean state which 
is requisite for their union. An aqueous solution of borax dissolves several 
of the resins, and some of these solutions, especially that of lac, form good 
vehicles for coloring materials. 

Octahedral Borax (NaO,2B03,5B[0).— This salt contains 5 instead of 
10 atoms of water, and is obtained by dissolving common borax in boiling 
water, till the solution has a specific gravity of 1*26 ; it is then allowed to 
cool slowly, and between the temperatures of 1*740 and 145° it deposits octa- 
hedral crystals ; below that temperature, the ordinary prismatic crystals are 
formed. Octahedral borax is harder than the prismatic, and is preferred for 
brazing and soldering. 

Silicates op Soda. — The atomic constitution of these silicates is as inde- 
finite as those of potassa. By the fusion of one equivalent of anhydrous car- 
bonate of soda with 1 of silica, 53 + 46, a silicate is formed, which w^hen dis- 
solved in a small quantity of water yields crystals of a silicate containing 6 
and 9 atoms of water. When 100 parts of silica are fused with 40 of caustic 
soda, the resulting glass is transparent ; but if slowly cooled exhibits crystal- 
line points. When 8 parts of dry carbonate of soda, 15 of fine white sand 
or powdered flint, and 1 part of powdered charcoal are well mixed and fused, 
a glass is obtained which is soluble in about 6 parts of boiling water : this 
solution has been used to diminish the combustibility of wood, canvas, and 
similar materials, and more especially of theatrical scenery : it prevents its 
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burning with flame, by forming a glaze upon the surface. Silicates of soda 
always have a greenish or bluish tint, however pure the materials used in 
their production, and this is an obstacle to the substitution of soda for pot- 
assa in certain kinds of glass. 

Manufacture of Glass. — Glass is a compound of silica with potassa or 
soda, other substances, or silicates, more especially those of lead, lime, or 
iron, being occasionally added; transparency and insolubility in water being 
among its most essential qualities. It should also resist the action of other 
solvents, such as acids and alkalies, and for many purposes, it should not 
fuse or even soften at a red heat. The insolubility of glass depends much 
upon its aggregation, for if reduced to fine powder it reddens turmeric 
paper when moistened, and restores the blue color to red litmus, and a por- 
tion of the alkali is frequently abstracted from glass long exposed to the 
action of air and water ; so also the glasses containing oxide of lead are 
readily discolored by sulphuretted hydrogen, when in powder and diffused in 
water, although they long resist its action when in their ordinary state. The 
more fusible glasses, containing excess of alkali, of oxide of lead, or of 
lime, are also apt to be*acted on by acids and alkalies, and are unfit for the 
retention of such solutions ; and all glass is more or less disintegrated by 
the action of water at very high temperatures. 

As the varieties of glass are mixtures rather than definite compounds of 
their component silicates, they scarcely admit of being represented by for- 
mulae, though in some cases the proportion which the oxygen of the bases 
bears to that contained in the silica may be usefully stated. The large pro- 
portion of oxide of lead in flint-glass gives it a high refractive power and 
brilliancy when cut, but renders it soft, easily fusible, and liable to be acted 
on by many chemical agents. In plate-glass the predominance of silicate of 
soda gives a more liquid combination than potassa, and enables it to be 
poured out of the crucible in which it is melted, upon a cast-iron table, and 
rolled into sheets, which, after careful annealing, are ground to a level sur- 
face with emery, and ultimately polished with colcothar. Large quantities 
of the waste and broken glass of former operations, are frequently melted 
up (under the name of cullet) with the materials in the crucible. The 
remarkable tenacious viscidity of glass, when in a fit state for the operations 
of the glass-house, and the facility with which it is shaped, by blowing, 
moulding, and other manipulations, into its infinitely various forms, can only 
be understood by personal inspection. 

The following table will give a notion of the relative proportions of the 
components of several kinds of glass in common use, but these vary to such 
an extent as not to admit of being represented by any satisfactory formulae. 
A glass composed of borate and silicate of lead has been used by Faraday 
for some optical purposes, and the borosilicate of zinc has been similarly 
applied by Maez and Clemandot. 
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All glass requires to be carefully annealed — that is, suffered to cool very 
slowly — otherwise it becomes liable to fly to pieces upon the slightest touch 
of any substance hard enough to scratch its surface. Small unannealed 
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flasks, blown from samples taken from the pot, for the purpose of ascertain- 
ing the quality of the glass, and known in the glass-house under the name 
of proofs, will show this. When a fragment of flint is dropped into them 
they immediately crack; and if melted bottle-glass be dropped into water, 
so as to form what are called RuperVs drops, the instant that their thin end 
is broken off they crumble into powder with a kind of explosion. This pro- 
bably arises from the unequal tension of the layers of glass in consequence 
of the sudden cooling of the exterior, whilst the interior remains dilated, or 
even red-hot. When large masses of glass are slowly cooled, crystalh'zed 
nodules are sometimes formed, more or less opaque, and imbedded in the 
transparent glass. These appear to arise from the formation of definite 
silicates. 

When glass, imbedded in sand, is heated up to a point a little below that 
of fusion, and allowed to cool slowly, It is converted into Eeaumerh porce- 
lain : it has become hard, white, opaque, and somewhat less fusible ; changes 
which have been referred to the formation of certain definite crystallizable 
silicates, more especially those of lime and alumina. These phenomena of 
devitrification are best shown with common green bottle-glass. 

A peculiar glass is used for the manufacture of artificial gems, called strass 
or paste, containing a large quantity of oxide of lead, and frequently borate 
of lead: it is easily fusible, highly refractive, and very soft. 

The art of coloring glass depends upon its power of dissolving certain 
metallic oxides. The principal metals thus employed are, 1. Gold; it im- 
parts various shades of red or pink, inclining to purple. 2. Silver ; oxide, 
chloride, or phosphate of silver, give a yellow color. 3. Iron. The oxides 
of iron produce blue, green, yellow, or brown, dependent upon the state of 
oxidation and quantity. The protoxide gives various shades of green ; the 
peroxide of brownish yellow. 4. Manganese. The protoxide leaves the 
glass colorless, but the peroxide gives it various tints of violet, and, if added 
in excess, renders it black. This oxide was formerly called glass soap, from 
its property of destroying the green tint communicated by protoxide of iron, 
derived from the use of impure materials ; this it effects by converting the 
protoxide of iron into peroxide, which, in small proportions, does not mate- 
rially affect the color of the glass ; whilst the peroxide of manganese, losing 
oxygen, becomes protoxide, and in this state is also not injurious. A little 
nitre is sometimes used for the same purpose. 5. Copper. The protoxide 
gives a rich green, and the dioxide a ruby red. The glittering appearance 
of aventurin glass is due to the dissemination of minute crystals of metallic 
copper, produced by the fusion of a mixture of iron and copper scales in the 
glass. 6. Cobalt, in the state of oxide, gives beautiful blues of all shades ; 
in large quantity black, t. Chromium produces greens and red, depending 
upon its state of oxidation. 8. Uranium is the source of the peculiar 
opalescent yellowish-green glass. 9. Tin, in the state of binoxide gives the 
varieties of opalescent glass, terminating in opaque white enamel, in which 
there is also a little oxide of lead. An alloy of 1 part of tin and 2 of lead 
is calcined for the production of the oxides, and these are mixed with pow- 
dered glass. When surfaces are to be enamelled, this mixture is applied 
with a brush, and then fused by exposure to heat, in a muffle. The colors 
used in enamel painting are derived from the metals above enumerated. A 
species of enamel is sometimes applied to iron saucepans and other vessels ; 
it is a vitrifiable mixture of powdered flint with carbonate of soda, borax, 
and Cornish clay, with a little oxide of tin ; this is brushed over the surface, 
then carefully dried, and heated in a muffle to bright redness •, 10. Arsenic. 
Arsenious acid is much employed for giving an opal tint to glass. This 
glass is translucent, of a pale bluish-white color, with a reddish hue when 
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viewed in certain lights. On powdering this glass, and applying the usual 
tests for arsenic, the presence of this substance may be readily detected. 
Arsenious acid, in small quantity, by peroxidizing iron, which usually gives 
a green tint, tends to render glass colorless. The metal arsenic is volatilized 
in this process; hence arsenic is not found in glass-tubing, or in ordinary 
chemical glass. 

Sodium and Potassium form an alloy which, if composed of 1 part of 
potassium, and 3 of sodium, remains fluid at 32°. Equal parts of the metals 
form a brittle crystallizable alloy. When added to a small quantity of mer- 
cury they form a solid amalgam, with the production of great heat and a 
partial combustion of the alkaline metals. 

Tests for Soda and its Salts.— Pure soda and its carbonates, like 
pure potash and its carbonates, have, in solution, an alkaline reaction, and 
produce with a solution of nitrate of silver similar precipitates. The differ- 
ences between these alkalies are chiefly of a negative kind. Thus a solution 
of soda gives no precipitate with a concentrated solution of tartaric acid, 
or of chloride of platinum. It is not precipitated by picric or perchloric 
acid. When neutralized by nitric acid and crystallized, soda yields rhombic 
plates, while, under the same circumstances, potassa yields long prisms. The 
essential character of soda is that in the smallest quantity it will give a well- 
marked yellow color to the flame of alcohol, either when burnt with a small 
portion of that liquid, or when a minute film of the alkali, on a fine platinum 
wire, is introduced into the flame of a spirit-lamp. This color is very pow- 
erful, and tends to conceal the pale violet tint given by potassa. Unless 
the soda flame is very intense, it will, however, be intercepted by blue glass, 
or a diluted solution of indigo ; so that if potassa is mixed with soda, the 
pale violet color of the potassa flame only will be seen through this colored 
medium. The delicacy of these colored reactions of the alkalies has been 
elsewhere adverted to (p. 58). Imponderable traces of sodium may be 
detected by the aid of a fine platinum wire, and by spectral analysis it is 
found that potassium and sodium give perfectly distinct spectra, which serve 
to identify them and to determine the fact of their admixture, when no other 
chemical means are available for this purpose. The salts of soda are very 
soluble in water ; they give the same negative results with tests as the pure 
alkali. They are readily distinguished by the strong yellow light imparted to 
flame. 
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lithium. CiESIUM. RUBIDIUM, 
LITHIUM (Li = 7)« 

LiTHiA, which is the oxide of this metal, was discovered by Arfwedson, in 
1817. To obtain lithium, its chloride may be decomposed by an electric 
current. The metal is reddish- white, softer than lead, and admits of welding 
and of being pressed into wire : it is the lightest known solid, its specific 
gravity being 0*594, so that it floats on naphtha ; it fuses at 356^, but is not 
volatile at a red heat. It decomposes water without combustion, setting free 
hydrogen. It forms only one oxide. When heated in air it burns with an 
intensely white light, forming lithia. 
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LiTHiA (LiO) has only been found in a few minerals; and, by spectral 
analysis, in minute quantities in the sea and many mineral waters. By this 
delicate method of research, traces of it have been detected in the Thames 
water, fireclay, and a variety of other substances— Ze/?zc?o^z^e, triphmie, and 
petalite, are the principal minerals from which it has been obtained, in pro- 
portions varying from 3 to 6 per cent. The mineral, in very fine powder, is 
intensely heated in a covered platinum crucible, with about twice its weights 
of lime for half an hour. The resulting mass is then digested in diluted 
hydrochloric acid, and the whole evaporated to dryness ; when this residue 
is dissolved in dilute sulphuric acid, and the solution is treated with oxalate 
of ammonia to separate lime, and with baryta water to separate sulphuric 
acid, it yields, on filtration and evaporation, hydrate of \\l\\\2b,-^Hydrate of 
LitMa (LiO, HO) is less soluble in water than potassa or soda; its solution 
has an acrid taste, and a powerful alkaline reaction. It is sparingly soluble 
in alcohol. It does not deliquesce by exposure, but absorbs carbonic acid 
and becomes opaque. At a high temperature it attacks platinum in its pure 
and carbonated state, and hence must be fused in a silver crucible. — Chloride of 
Lithium (LiOl) differs from the chlorides of potassium and sodium, in being 
very deliquescent and soluble in absolute alcohol ; it being decomposed when 
strongly heated in the open air; when it loses chlorine, absorbs oxygen, and 
becomes alkaline ; it being with difficulty crystallizable, and in tinging the 
flame of alcohol of a crimson-red color. — Nitrate ofLithia (LiO,N05) is a very 
soluble and deliquescent salt: it crystallizes in rhombic and acicular prisms, 
and is dissolved by alcohol.— ^S'w^^a^e of Lithia (LiOjSOg). The anhydrous 
salt is white and difficultly fusible, unless sulphate of lime is present, when it 
fuses below redness ; its taste is saline, but not bitter ; it crystallizes in rhombic 
prisms, which are slightly efflorescent and soluble in ^\qo\\o\.--- Phosphate of 
Lithia may be obtained by adding phosphoric acid to sulphate of lithia; no 
precipitate is at first formed, but upon adding excess of ammonia and warming 
the liquid a white insoluble phosphate of lithia falls. This property enables 
us to separate lithia from potassa and soda. The phosphate of lithia may be 
decomposed by dissolving it in acetic acid, and adding acetate of lead i ace- 
tate of lithia remains in solution. By heating this, carbonate of lithia may 
be proGuved.'-' Carbonate of Lithia (LiO,C02). When a strong solution of 
carbonate of ammonia is added to a concentrated solution of sulphate of 
lithia and the mixture is heated, a white precipitate of carbonate is formed. 
It requires at least 100 parts of water at 60^ for its solution, and is insoluble 
in alcohol. It is fusible at a high temperature. The aqueous solution has 
a strong alkaline reaction. Carbonate of lithia is rendered more soluble in 
water by carbonic acid. Some Bohemian mineral springs contain lithia in 
this state. An artificial water of this description has lately been employed 
in medicine under the name of Aerated lithia water. 

Tests for Lithia and its Salts.— -Jjiihia. is characterized by the splendid 
crimson -red color which it imparts to flame, as well as by the peculiar spec- 
trum which the colored flame produces (p. 51.) The carbonate of lithia is 
less soluble in water than the carbonates of potassa and soda ; but much 
more soluble than the carbonates of the four alkaline earths. 1. A solution 
of the carbonate is strongly alkaline, and gives a yellowish-white precipitate 
with nitrate of silver. 2. It gives a dense white precipitate with the salts 
of baryta, strontia, and lime, as well as with the aqueous solutions of these 
three alkaline earths. 3. It gives no precipitate with sulphate of magnesia 
until boiled ; and only slowly precipitates a solution of corrosive sublimate. 
(In these respects it resembles the bicarbonates of potassa and soda.) A 
small portion of the carbonate on platinum wire imparts a crimson-red 
color to the flame of alcohol. A concentrated solution of lithia is precipi- 
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tated by solution of ammonia ; but the precipitate, which is hydrate of lithia, 
is redissolved when heated. 

The other salts of lithia possess these general characters. 1. Carbonate 
of potassa will slowly give, with their solutions if concentrated, a precipi- 
tate of carbonate of lithia. The precipitation is accelerated by heat. 2. 
Phosphate of soda slowly precipitates them in the cold, but immediately 
%vhen heated. 3. Chloride of platinum, and diluted sulphuric as well as oxalic 
acid, produce no change in the solution. 4. Ammonia gives no precipitate 
in a solution of a salt of lithia, and, when diluted, the addition of phosphate 
of soda causes only a slow precipitation. If the mixture is boiled, a pre- 
cipitate is formed immediately. 5. The solubility of the chloride in absolute 
alcohol, enables a chemist to separate this base from potassa and soda. 6. 
The crimson-red color given to flame by all the salts, is characteristic of lithia. 

CESIUM (C^ = 123). 

This alkaline metal was discovered by Bunsen and Kirchoff in 1860, by a 
spectral analysis of the residue of the mineral water of Durckheim (p. 68). 
A ton of the water was estimated to yield not more than three grains of 
chloride of cesium. The metal derives its name from the Latin ccesuis, 
signifying grayish blue, this being the color of the two lines produced in 
its spectrum. It exists in small quantity in the mineral water of Kreuznach, 
forming not more than l-3,000,000th part of the solid contents. Bunsen 
obtained about 250 grains of the platinum salt of caesium from the residue 
of twenty tons of this water. The residue of 9000 gallons of the Durckheim 
water yielded about an ounce of the pure chloride. Caesium was procured 
in the state of amalgam with mercury by the electrolysis of the fused chlo- 
ride. The first step in the process was to separate from the residue of the 
water, the salts of all other alkalies, excepting those of potassa and soda. 
Chloride of platinum was then added. Compounds of potassa and csesia 
(KCl,PtCi3,C83Cl,PtCy were thrown down. The platino-chloride of potas- 
sium was separated from that of caesium by boiling distilled water, in which 
the latter is but little soluble. 

The metal caesium decomposes water, setting free hydrogen, and forming 
a strongly alkaline solution of protoxide of caesium (CaeO), or caesia. The 
hydrate of caesia (C8eO,HO) is soluble in alcohol, corrodes platinum like 
lithia, and is volatile at a high temperature. The carbonate is soluble in 
water and alcohol, is highly alkaline, deliquescent in air, absorbs carbonic 
acid, and forms a bicarbonate which crystallizes in prisms. The nitrate 
and sulphate are anhydrous crystalline salts, soluble in water : the latter forms 
an alum with sulphate of alumina. The chloride (CasCl) crystallizes in cubes, 
which are deliquescent, in which respect it resembles chloride of lithium, 
and differs from the chlorides of potassium, sodium, and rubidium. It is 
fusible and volatile. 

Caesium is always found associated with rubidium. It appears to be 
extensively diffused, but exists only in traces ; and probably but for spectral 
analysis, it would have remained undetected. This is at present the only 
available method of determining its presence in the residues of water. The 
1-10, 000th part of a grain of caesia may be thus detected. 

RUBIDIUM (R,b = 85). 

This metal derives its name from two intensely red lines which its spec- 
trum produces near the extreme end of the less refrangible rays. It re- 
quires about the 30,000th of a grain of the chloride to render the lines 
visible (see p. 58.) Rubidium is commonly found associated with caesium, 
but it appears to be more abundant. Thus, a ton of the Durckheim water 



BARIUM, STRONTIUM, CALCIUM, MAGNESIUM. 321 

gave about four grains of chloride of rubidium. Bunsen estimates the pro- 
portion of rubidia in the Durckheim spring, at 1-2,000,000 part of the 
weight of the water. Sea-water contains 1-400,000, and the lepidolite of 
Moravia 1-2, 000th of its weight of the oxide of this metal. 

For the separation of the, metal, about 300 pounds of lepidolite are em- 
ployed in one operation. The lithia is separated by the usual process (p. 
319), and the residue, concentrated by evaporation, is precipitated by 
chloride of platinum. The platino-ehloride of potassium (KCl,PtCl2) is 
separated by successive quantities of hot water, by which the rubidium salt, 
like the csesium salt, is not readily dissolved. It requires 158 times its 
weight of boiling water for solution, while the potassium salt requires only 
19 times its weight. (According to Bunsen, 100 parfcs of boiling water will 
dissolve 5-18 of the potassium salt, 0*634 of the rubidium salt, and 0'3tT of 
the caesium salt). The platino-ehloride of rubidium (RbCl,PtCl3) is de- 
composed by hydrogen, and chloride of rubidium is obtained. When the 
chloride is fused and submitted to electrolysis, the metal is obtained at the 
negative pole. Rubidium decomposes water, liberating hydrogen, and 
forming an oxide (RbO). It is, according to Bunsen, a powerful base, and 
is more electro-positive than potassium. Bubidia forms a hydrate soluble 
in water and alcohol. Like hydrate of potassa, it is fusible, and when 
exposed to air absorbs water and carbonic acid. The carbonate of rubidia 
(RbO,C03,HO) is fusible, deliquescent, and soluble in water, producing a 
strongly alkaline liquid. It is not soluble in absolute alcohol ; and as the 
carbonate of csesia is soluble in this liquid, alcohol furnishes a method of 
separating the two alkalies. The sulphate and bisulphate are similar to 
those of potassa. The chloride (Rb,Cl), like that of potassium, is colorless 
and crystallizes in cubes : it is fusible and volatile. 

Rubidia and c^sia resemble potassa in giving precipitates with chloride 
of platinum, which are less soluble than the platino-ehloride of potassium. 
They also give crystalline precipitates with tartaric acid, and uncrystalline 
precipitates with fiuo silicic acid. These new alkalies are therefore liable t.o 
be mistaken for potassa. Irrespective of the difference in the solubility of 
the chlorides, the only certain method of distinguishing them is that by 
which they were discovered, namely, spectral analysis. 

Rubidium and caesium have been found in nearly all mineral waters 
abounding in salts of potassa, soda, and lime, and only in infinitesimal 
quantities. 



CHAPTER XXVI. 

BARIUM, STRONTIUM, CALCIUM, MAGNESIUM, 

BARIUM (Ba==69). 

This metal was discovered in 1808 by Davy, who obtained it by electric 
decomposition of its oxide. It may also be procured by passing potassium 
in vapor over baryta heated to ' redness in an iron tube. Barium is of a 
gray color, and rapidly absorbs oxygen ; when gently heated, it burns with 
a red light. It is not fusible at the melting point of glass. Its sp. gr. is 
1-5 (Pelouze). It decomposes water, evolving hydrogen, and forming 
a solution of baryta; its properties, however, have not been accurately 
ascertained. 
21 
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Oxide op Barium ; Baryta (BaO) is obtained by exposing pure nitrate 
ofharyta to a bright red heat in a porcelain crucible ; it acts upon platinum, 
and if a silver crucible be employed, the heat required is such as to endanger 
its fusion. Baryta may also be obtained by subjecting artiiScial carbonate of 
baryta to an intense white heat, thoroughly mixed with about 10 per cent, of 
finely-powdered charcoal. Baryta is generally in the form of a porous mass, 
or gray powder, and when pure, is very difficult of fusion. Its specific 
gravity is about 4, hence the name Baryta^ as being the heaviest of the sub- 
stances usually called eai^ths (from jSap-lj, heavy). It is very poisonous. It 
has a strong alkaline taste, and reaction on vegetable colors. It is insoluble 
in alcohol. It eagerly absorbs water, heat is evolved, and a white hydrate is 
formed. After long exposure to air it becomes white^ and is a mixture of 
the hydrate and carbonate. 

Hydrate of Baryta (BaO,HO). — When pure baryta is sprinkled with 
water it becomes intensely hot, and crumbles into a bulky white powder^ 
which fuses, but does not give out water at a red heat. It dissolves in 20 
parts of cold, and in 3 of boiling water, forming a solution which is a very 
delicate test of the presence of carbonic acid, and which speedily becomes 
covered with a film of carbonate of baryta when exposed to air. A saturated 
solution of baryta in hot water deposits hexagonal prisms as it cools, con- 
taining 10 equivalents of water. 

Peroxide op Barium (BaOa) is obtained when dry oxygen gas is passed 
over baryta heated to dull redness in a glass or porcelain tube : it may also 
be formed by adding 1 part of chlorate of potassa to 4 of baryta, previously 
heated to redness in a platinum crucible ; the oxygen of the chlorate com- 
bines with the baryta, and, by the action of cold water, the remaining 
chloride of potassium may Be washed out, and a hydrated 'peroxide of barium 
remains. When the anhydrous peroxide, which is of a gray color, is put 
into cold water, it does not evolve heat, but becomes a white, pulverulentj 
and insoluble hydrate (Ba02,6HO); but if this is boiled in water, it will give 
out an equivalent of oxygen, and revert to the state of protoxide, which is 
soluble. When peroxide of barium is heated in hydrogen it becomes incan- 
descent, emitting a greenish flame, and absorbing the gas ; protohydrate of 
baryta is the product. Peroxide of barium is also formed when dry air is 
passed over heated baryta : the temperature required for this absorption of 
oxygen is a dull red heat : at a bright red heat not only is no oxygen 
absorbed, but the peroxide is itself decomposed, and giving off 1 atom of 
oxygen, reverts to the state of protoxide, which may thus be used to absorb 
and evolve oxygen by turns : this has been proposed as an economical source 
of oxygen, but independently of the difficulty in the due adjustment qf the heat, 
the capacity of baryta for absorbing oxygen gradually decreases by repeated 
use (p. 83). 

Nitrate op Baryta (BaO,]Sr05) may be produced by dissolving the 
native carbonate in dilute nitric acid, evaporating to dryness, redissolving 
and crystallizing ; or by decomposing a solution of sulphide of barium by 
dilute nitric acid. It forms permanent octahedral crystals, which are anhy- 
drous, and taste acrid and astringent. It is soluble in 12 parts of cold and 
4 of boiling water. It is insoluble in alcohol. If a moderately strong 
solution of nitrate of baryta is added to nitric acid, a precipitation of the 
nitrate of baryta takes place, in consequence of the difficult solubility of the 
nitrate in the dilute acid ; in the concentrated acid the nitrate is insoluble ; 
hence, in using nitrate of baryta as a test of the presence of sulphuric acid 
in nitric acid, the latter should be considerably diluted, lest the precipitated 
nitrate of baryta be mistaken for sulphate. 
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Chloride of Barium (BaCl) — -This compound may be obtained by 
heating baryta in chlorine (in which case oxygen is evolved, to the amount 
of half a volume for every volume of chlorine absorbed) ; or in hydrochloric 
acid gas, when it becomes red hot, and chloride of barium and water are the 
results. It is generally formed by dissolving carbonate of baryta in diluted 
hydrochloric acid, evaporating to dryness, and fusing the residue in a covered 
platinum crucible. Chloride of barium, after it has been thus fused, is 
translucent and of a grayish color ; sp. gr. 3*8 ; its taste is acrid ; it is not 
deliquescent, but absorbs moisture and becomes opaque, increasing in weight 
after a few days to the amount of 13 to 14 per cent. ; when moistened it 
evolves heat : 100 parts of water at 32^ dissolve between 32 and 33 parts of 
this anhydrous chloride : it is insoluble in absolute alcohol, but imparts a 
pale greenish-yellow color to its flame during combustion. Its aqueous 
solution yields, when evaporated, flat four-sided crystals=BaCl,2H0, which 
effloresce in dry air. At 212^ the water is expelled, and anhydrous chloride 
remains. 100 parts of water at 60*^ dissolve about 43 parts of these crystals. 

Sulphide of Barium (BaS) is formed, 1. By passing sulphuretted hydro- 
gen over red-hot baryta in a coated glass or porcelain tube, as long as water 
is formed; it yields a gray granular compound: BaO + IIS=BaS4-HO. 
2. By passing hydrogen over finely-powdered sulphate of baryta at a bright 
red heat o BaO,S03+4H=BaS+4HO. 3. By the action of charcoal upon 
ignited sulphate of Ijaryta ; BaO,S03+4Cs=aBaS-f-4CO. Mix sulphate of 
baryta, in fine powder, into a paste, with an equal volume of flour, place it in 
a covered crucible, and expose it to a white heat for an hour or two. On 
pouring hot water on the product, the sulphide of barium is dissolved, and 
may be separated from undecomposed sulphate and excess of charcoal, by 
filtration. 

Sulphide of barium is readily soluble in hot water, and the solution on 
cooling out of the contact of air, deposits hydrated crystals. By exposure 
to air, it absorbs carbonic acid and oxygen, yielding carbonate and hyposul- 
phite of baryta. It dissolves sulphur, forming a pentasulpMde, When its 
solution is boiled with oxide of copper till it ceases to blacken acetate of 
lead, and filtered whilst hot, it yields on evaporation, pure baryta. 

Sulphate op Baryta (BaO,S03) is an abundant natural product known 
under the name of heavy spar ; it is insoluble in water, hence the solutions 
of baryta are accurate tests of the presence of sulphuric acid and the soluble 
sulphates. 

Recently precipitated sulphate of baryta is sometimes very obstinate in 
subsiding from water, and not only long remains suspended, but adheres to 
the glass, and even passes through filtering-paper : heat, and a little excess 
of acid, greatly facilitate its deposition. It may be heated to redness with- 
out change, and hence the filter containing it, in some cases of quantitative 
analysis, may be conveniently burned away ; but the carbon of the paper 
converts a minute portion of the sulphate into sulphide. 100 grains of the 
incinera.ted sulphate correspond to 65*63 grains of baryta. 

Carbonate of Baryta (BaOjCOg). — This salt falls in the form of a white 
powder, when the soluble salts of baryta are precipitated by carbonate of 
ammonia. It is so nearly insoluble, that water at 60^ only takes up about 
l-4300th part. Water saturated with carbonic acid dissolves l-820th. It 
has no alkaline reaction on vegetable colors. 

Native Carhonate of Baryta^ or Wiiherite, is found crystalline and massive. 
Its density is 4*33. It is useful as a source of pure baryta and its salts. 
Though scarcely soluble in water, it is poisonous, probably in consequence 
of its solubility in the acids of the stomach. It dissolves more sparingly in 
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solution of carbonic acid than the precipitated carbonate, and is more diffi- 
cultly decomposed. 

Tests for Baryta and its Salts.-— A solution of baryta has an alkaline 
reaction : and it gives a brown precipitate with nitrate of silver. It differs 
from the solutions of potassa and soda in acquiring a white incrustation (car» 
bonate of baryta) on exposure to air. It is immediately precipitated as a 
white carbonate, by a current of carbonic acid, or by the addition of a few 
drops of a solution of carbonate or bicarbonate of potassa, soda, or ammonia. 

There are two soluble b^rytic salts, the nitrate and the chloride. They 
are characterized by the following properties : 1. The solution is neutral ; 2. 
It gives a white precipitate with alkaline carbonates and bicarbonates ; 3. It 
is precipitated white by sulphuric acid and all soluble sulphates, even by the 
sulphates of lime and strontia. This precipitate, sulphate of baryta, is in- 
soluble in diluted acids and alkalies ; 4. It gives a white precipitate with 
fluosilicic acid; and 5. A white precipitate with an alkaline hyposulphite ; 
6. It gives a yellowish- white precipitate with a solution of chromate of pot- 
assa ; 7. Oxalic acid does not precipitate the solution of either of these salts 
unless they are highly concentrated, and then after a time a crystalline preci- 
pitate of binoxalate of baryta may be formed ; 8. When a small portion of 
the salt is introduced into the flame of alcohol, it produces a pale greenish- 
yellow color, which when viewed through a solution of indigo, appears bluish 
green. The spectrum produced by this flame presents a variety of well- 
marked colors (p. 58), and is distinguished from all, excepting that of calcium^ 
by numerous green bands. 

In reference to the insoluble salts, the carbonate may be dissolved by nitric 
acid^ and the sulphate converted into sulphide (p. 323), and this compound 
into chloride by hydrochloric acid. They may then be tested. 

Strontium (Sr='44). 

Strontia was first discovered in the state of carbonate at Strontian in Ar- 
gyleshire, and was supposed to be a carbonate of baryta : it was first shown 
to contain a peculiar earth by Dr. Hope, in 1*792. It is a substance of rare 
occurrence. The existence of strontium^ as the metallic base of the earthy 
was first demonstrated by Davy in 1808. It is a fixed metal of a gray color 
with a reddish reflection. It has been recently obtained, but in small quan- 
tities, by Bunsen and Matthiessen. The fused chloride was decomposed by 
electrolysis, iron being employed for the poles of the battery. The strontium 
which adhered to this metal was removed, and preserved in naphtha, in which 
it could be moulded. It was rapidly oxidized on exposure to air ; it decom- 
posed water without combustion, setting free hydrogen, and forming a soluble 
protoxide. The metal has a sp. gr. of 2-5, it therefore sinks in water. 

Protoxide of Strontium. Strontia (SrO) may be obtained from the 
nitrate, the carbonate, and the sulphate of strontia, by processes similar to 
those directed in regard to baryta. It is a grayish-white porous substance : 
its specific gravity is 3*9; it is extremely infusible, not volatile, has an acrid 
taste, and an alkaline reaction. 

Hydrate OF Strontia (SrO, HO). — When strontia is sprinkled with 
water it heats and falls to powder, forming a white hydrate, which, when 
subjected for a long time to a high temperature, gradually becomes anhy- 
drous. It is insoluble in alcohol. It dissolves in about 160 parts of water 
at 60^. Boiling water dissolves it more abundantly, and on cooling deposits 
crystals containing lOHO. 

Nitrate of Strontia (SrO^ISTOg) is obtained by processes similar to 
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those for obtaining mVra^e ofharyta: it crystallizes in octahedra, soluble in 
5 parts of water at 60°, and in half its weight of boiling water. It is insolu- 
ble in anhydrous alcohol. Its taste is pungent and cooling. At a red heat 
the acid is evolved and decomposed, and strontia remains. It is used in the 
red fire employed at the theatres, which consists of 40 parts of fused nitrate 
of strontia, 13 of powdered sulphur,'5 of chlorate of potassa, and 4 of sulphide 
■of antimony. The chlorate and sulphide should be separately powdered and 
cautiously mixed with the other ingredients. When nitrate of strontia is 
finely powdered and mixed with alcohol, it communicates a beautiful red tint 
to the flame. 

Chloride of Strontium (SrCl) is obtained by dissolving carbonate of 
strontia in hydrochloric acid, evaporating to dryness, and fusing the residue. 
It is of a gray color and an acrid taste ; its sp. gr. is 2'8. The aqueous 
solution of the chloride when concentrated furnishes white prismatic crystals, 
which are deliquescent. The chloride is soluble in alcohol. These pro- 
perties enable a chemist to distinguish baryta from strontia, and to separate 
the two bases when in the state of chloride. Chloride of barium crystallizes 
in quadrangular plates, which are not deliquescent, and are insoluble in 
alcohol. 

Sulphate OF Strontia (SrO,S03) is of very sparing solubility, 1 part 
requiring 3600 of water. It is distinguished from sulphate of baryta by 
being slowly soluble in solution of chloride of sodium. It is insoluble in 
solution of sal-ammoniac. It is soluble in boiling sulphuric acid, but falls 
upon dilution. When heated with charcoal, its acid is decomposed, and 
sulphide of strontium formed. Native Sidphate of Strontia is sometimes of a 
blue tint, and has hence been called ccelestine. The finest crystallized speci- 
mens are accompanied with native sulphur, from Sicily. 

Carbonate of Strontia (SrO,C02), when artificially formed is a white 
powder, soluble in 1536 parts of hot water. Native Carbonate of Strontia, 
or Stro7itianite, is a rare mineral. It has a greenish tint, and occurs in 
radiated masses, and sometimes in acicular and hexahedral crystals. 

Tests for Strontia and its Salts.— A solution of strontia resembles 
that of baryta in alkaline reaction—in giving a brown precipitate with 
nitrate of silver, and producing a white incrustation of carbonate by expo- 
sure to air, or on the addition of a solution of an alkaline carbonate. The 
solutions of baryta and strontia may be thus distinguished : 1. Sulphuric 
acid gives a white precipitate, immediately with baryta, slowly with 
strontia. 2, Sulphate of lime precipitates baryta, but not strontia. 3. Fluo- 
silicic acid precipitates baryta, but not strontia. 4. Oxalic acid precipitates 
both ; a slight excess of the acid will redissolve oxalate of baryta, but oxalate 
of strontia is insoluble in the acid. 

The principal soluble salts are the nitrate and chloride. They are neutral. 
Like those of baryta, they are precipitated white by alkaline carbonates and 
bicarbonates. The differences are : 1. Sulphuric acid and alkaline sulphates 
precipitate strontia slowly, but baryta immediately. 2. Sulphate of strontia 
produces no precipitate in them. 3. Fluosiiicic acid precipitates a concen- 
trated solution of a salt of strontia very slowly. 4. An alkaline hyposulphite 
does not give a precipitate with a salt of strontia. 5. Oxalic acid produces 
slowly a white granular precipitate. 6. A salt of strontia gives to the 
flame of alcohol a rich red color, which traverses a stratum of solution of 
indigo, and appears of a deep crimson tint. By spectral analysis this color 
is resolved into eight lines or bands— red, orange, and blue, but there are 
no green lines (p. 57). 
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Calcium {Ca=20). 

The existence of calcium^ as the metallic base of lime, was first demon- 
strated by Davy in 1808. Like strontium, calcium has been obtained by 
the electrolysis of its. chloride, iron poles being employed with the battery. 
(BuNSEN.) This metal has a yellowish color, is harder than lead, malleable, 
. fusible at a red heat, but not volatile, and is only slowly oxidized when 
exposed to humid air. It burns with scintillations into quicklime when 
heated in the air, and it undergoes vivid combustion in chlorine, and in the 
vapor of bromine, iodine, and sulphur. Its specific gravity is 1*57; it 
sinks in water, .and rapidly decomposes it without combustion, hydrogen 
being liberated, and lime (protoxide of calcium) being dissolved by the 
water. 

Oxide of Calcium ; Lime ; Quichlime (CaO). — Lime may be obtained in 
a state of considerable purity by exposing humid carbonate, or nitrate of 
lime, to a white heat for an hour, in an open crucible (p. 130). Pure lime 
is white, acrid, caustic, and alkaline ; its specific gravity is 3*08. It is infu- 
sible, but remarkably promotes the fusion of some other oxides, and iSp 
therefore, used in several metallurgic processes, as a flux. When intensely 
heated, as, for instance, by the oxyhydrogen blowpipe, it is remarkable for its 
luminosity, and at this very high temperature a minute quantity is volatilized 
(p. IIB). It is an essential ingredient in mortar and other cements. Exposed 
to air, it absorbs water and then carbonic acid, and, losing its causticity, 
becomes partially converted into carbonate of lime ; so that when used for 
agricultural purposes, it should, generally speaking, be speedily ploughed in ^ 
and not left in heaps upon the surface so as to acquire carbonic acid. In its 
caustic state, it is most active in the destruction of vermin, and in effecting 
chemical changes upon the organic and inorganic constituents of the soil. 
Its powerful affinity for water renders it ''useful in various cases of dehydra- 
tion, as in drying certain gases, and abstracting water from alcohol and some 
other liquids ; in the state of hydrate, or diffused through water (cream and 
milk of lime), it is also used as an absorbent of carbonic acid ; when perfectly 
dry it does not absorb that gas. 

lAme-hurning. — Although all carbonates of lime may, by burning, be 
brought to the state of quicklime, chalk and compact limestone are alone 
used for this purpose in the large way. The limekiln at present almost uni- 
versally employed in this country, is a cup-shaped concavity, in a solid mass 
of masonry, open at top and terminated at bottom by a grate, immediately 
above which is an iron door. This simple furnace is first charged with 
fuel (either wood, or coal and cinders), upon which is afterwards laid a stra- 
tum about a foot thick, of chalk or limestone, broken into pieces not larger 
than the fist; to this succeeds a charge of fuel, and so on alternately, keep- 
ing the kiln always full. The pieces of limestone descend towards the bottom 
of the kiln in proportion as the fuel is consumed, being in the meantime kept 
at a pretty full red heat. At this temperature the water and carbonic acid 
are driven off; and by the time the limestone arrives at the bottom of the kiln, 
which happens in about forty-eight hours, it is rendered perfectly caustic. 
The door above the grate is then opened, and the lime below the next de- 
scending stratum of fuel is raked out ; the remaining contents of the furnace 
sink down, and a fresh charge is laid on the top. The compact limestone, 
after having undergone this process, though lighter and more porous than 
before, still retains its figure unaltered ; hence it is readily separable from the 
ashes of the fuel, and is sufficiently hard to be carried from place to place 
without falling to pieces. 

Attempts have been made to burn lime, or, in other words, to expel the 
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carbonic acid from limestone, in close vessels, but the carbonic acid cannot 
be so driven off (p. 130). 

Hydrate op Lime ; Slaked Lime ; (CaO,HO).— When a small quantity 
of water is poured upon lime, a rise of temperature ensues fi;om the solidifi- 
cation and combination of a portion of the water, and a bulky white powder 
is obtained, which is a hydrate. The rise of temperature is so great, when 
large heaps of good lime are suddenly slaked, as to scorch wood (p. 133). 
Hydrate of lime may be obtained in a crystalline form, by placing lime-water 
under the receiver of an air-pump, containing another vessel of sulphuric 
acid. The water is thus slowly evaporated, and six-sided crystals (C,aO,HO) 
are formed. 

Lime-water,-^ Ax a temperature of 60^, Y50 parts of water are required for 
the solution of one part of lime. Boiling water, however, does not dissolve 
so large a quantity ; 1 part of lime rec^uiring 1280 parts of water at 212*^ for 
its solution ; at 32^, 1 part of lime is soluble in 656 of water. When lime- 
water is boiled, a portion of the lime is therefore precipitated in small crys- 
talline grains. 

Lime-water is limpid and colorless ; its taste is nauseous and alkaline, and 
although the quantity of lime which it contains is relatively small, its alkaline 
reaction is very marked. It is usually prepared by pouring warm water 
upon powdered lime, and allowing the mixture to cool in a close vessel; the 
clear part is then decanted from the remaining undissolved portion. When 
lime-v/ater is exposed to the air, a pellicle of carbonate of lime forms upon 
its surface, which, if broken, is succeeded by others, until the whole of the 
lime is thus separated. 

Chloride of Calcium; Muriate of Lime; (CaCl).— -This compound 
occurs in sea-water and in some saline springs, where it is sometimes accom- 
panied by traces of bromine and of iodine. It is formed by dissolving car- 
bonate of lime in hydrochloric acid, evaporating to dryness, and exposing 
the residue to a red heat in close vessels. It soon deliquesces when exposed 
to air, and is frequently employed, after it has been fused, to deprive gases 
of aqueous vapor ; but when thus used, its absorptive powers in regard to 
some gases must not be overlooked. It is also used as a means of depriving 
alcohol, ether, and other liquids, of water, for which purpose they are gene- 
rally distilled off dry chloride of calcium. Its taste is bitter and acrid. One 
part of water at 66° dissolves four parts of this chloride ; its solubility, how- 
ever,, is greatly influenced by temperature, for at 32° one part of water will 
not dissolve more than two of the salt, and at 212° it takes up nearly any 
quantity. It is copiously soluble in alcohol, and heat is evolved during the 
solution, which in cold weather affords crystals containing about 60 per cent, 
of alcohol, instead of water of crystallization. By the solubility of this chlo- 
ride in alcohol, lime may be separated from potassa, soda, and baryta. It 
is. produced in the manufacture of carbonate of ammonia, from the decompo- 
sition of hydrochlorate of ammonia by lime, and hence it was formerly called 
fixed sal-ammoniac, 

Hydrated Chloride of Calcium is obtained by evaporating the aqueous solu- 
tion to the consistence of a thick syrup ; on cooling, it concretes into a crys- 
talline mass, which is CaCl,2H0. By exposing a strong aqueous solution 
of chloride of calcium to a temperature of 32°, it yields striated four-sided 
prisras=CaCl,6H0. 

C^hloride of Lime; Hypochlorite of Z^»^e.— This important bleaching 
material is made by passing chlorine into chambers containing hydrate of 
lime in fine powder, by which the gas is copiously absorbed. It is a dry 
white powder, smelling feebly of chlorine, and having an acrid taste ; it is 
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partially soluble in water, and the solution is used under the name of Ueach- 
ing-liquor. Exposed to air, it slowly evolves chlorine and absorbs carbonic 
acid ; ultimately some chloride of calcium is formed, and it deliquesces. 
When heated, it gives off oxygen, and chloride of calcium results, an expe- 
riment which shows the superior attraction of calcium for chlorine as com- 
pared with oxygen, the latter being expelled from the lime. 

The solution obtained by digesting bleaching-powder in distilled water 
has a strong alkaline reaction upon most of the usual tests, audits bleaching 
power is only slowly developed unless some acid is added, when it is pow- 
erful and immediate; thus it is that calico-printers produce white figures 
upon colored ground, by printing the pattern intended. to be brought out 
upon the colored calico, in citric or tartaric acid thickened with starch or 
gum ; the goods are then rapidly wound through a properly-adjusted solu- 
tion of chloride of lime, and the bleaching power only shows itself where 
the acid pattern had been previously 6,pplied. In the same way a solution - 
of the chloride may be colored blue by litmus, or green by red cabbage, or 
brown by turmeric, and on the addition of a few drops of acid the color dis- 
appears. By exposure to air, the absorption of carbonic acid effects the 
same change; and the evolution of that acid in respiration is well shown, by 
tinging a weak solution of chloride of lime blue by litmus, and then breathing 
through it by means of a tube, when the blue color gradually disappears. 

The best samples of commercial chloride of lime contain on an average 
about 80 per cent, of chlorine ; and when chlorine is passed over hydrate of 
lime in an experiment upon the small scale, it cannot be made to absorb more 
than about 40 per cent. ; but if hydrate of lime be diffused through water, 
it will absorb its own weight of chlorine, and a solution containing 1 equiva- 
lent of lime (or of hydrate of lime) and 1 of chlorine (which is the true ato- 
mic compound) is obtained. In its ordinary state, bleaching-powder may 
be regarded as containing : — 

Chlorine . . . . .1 36 32-72 

Hydrate of lime .... 2 74 67*28 

BleacMng-powder . . . 1 110 100-00 

When put into water, 1 atom of hydrate of lime remains undissolved, and 
the solution contains 1 atom of lime and 1 of chlorine (p. 177). Some have 
considered bleaching-powder as containing a hyper chlorite of lime, and repre- 
sent its formation as follows: 2CaO + 2Cl=CaCl+CaO,C10. But when 
properly prepared, it yields no chloride of calcium when digested in alcohol, 
and it is not deliquescent. When used as a bleaching agent for calico, the goods 
are in the first instance washed, and then boiled in a weak solution of soda 
to cleanse them of greasy and other impurities ; they are then put into a 
weak solution of the chloride of lime, and then into water slightly acidu- 
lated by sulphuric acid. These operations are repeated if necessary, and the 
process is completed by thoroughly washing the goods in running water. 
When employed as a disinfectant, cloths soaked in a solution of the chloride 
are suspended in the apartments, where they slowly evolve chlorine in con- 
sequence of the action of the carbonic acid of the air. Or, if a larger and 
more sudden evolution of chlorine is required, dilute sulphuric acid is added 
to the powder or its solution. 

The quality of chloride of lime may be determined either by testing its 
bleaching power by means of a standard solution of indigo, or by de.ter- 
mining the quantity of protoxide of iron in acid solution, which is convertible 
into peroxide by a given weight of the powder ; in this case, supposing pro- 
tosulphate of iron to be used, one equivalent of chlorine will convert two 
equivalents of that salt into one of persulphate of iron. (Graham.) 
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Fluoride of Calcium; Fluor-Spar (CaP).— This compound may be pro- 
duced by saturating dilute hydrofluoric acid with carbonate of lime, or by 
precipitating a neutral salt of lime with a soluble fluoride : in this case it 
forms a gelatinous mass, the precipitation of which is accelerated by the 
addition of caustic ammonia. Native fluoride of calcium^ ox fluor-spar, is a 
mineral found in many parts of the world, but in great beauty and abundance 
in England, and especially in Derbyshire, where it is commonly called blue 
John, It occurs in cubic crystals, which may be cleaved into octahedra and 
tetrahedra. Its colors are various. Its specific gravity=3. It phospho- 
resces when exposed to heat, and at a high red heat it fuses, and is some- 
times used as a flux for promoting the fusion of other minerals. It generally 
occurs in veins ; in the Odin mine at Castleton, it is found in detached masses, 
from an inch to more than a foot in diameter; their structure is diverg- 
ent, and the colors, which are various, disposed in concentric bands. It is 
the only variety which admits of being turned in the lathe into vases and 
other ornamental articles. Compact fluor is a scarce variety ; the finest 
specimens come from the Ilartz. A third variety is chlorophane^ so called 
from the beautiful pale-green light which it exhibits when heated. The 
nature of the coloring-matter of blue and green fluor-spar is not understood : 
it is liable to fade, and the blue varieties become red and brown by heat. 
Fluoride of calcium exists in small quantity in bone : it has been found in 
coprolites, and in some fossil bones, to the extent of 10 per cent. Pure 
fluoride of calcium is slowly decomposed by cold sulphuric acid, forming 
with it a viscid mixture. At a temperature of about 100° its decomposition 
is rapid, sulphate of lime is formed, and hydrofluoric acid is evolved. If the 
fluor-spar contain silica, sulphuric acid immediately acts upon it, evolving 
white fumes of silicofluoric acid. Fused with carbonate of potassa, carbonate 
of lime and fluoride of potassium are produced. 

Nitrate of Lime (CaO,N05). — This is a deliquescent salt soluble in 
one-fourth its weight of water at 60°. It is found in old plaster and mortar, 
from the washing of which nitre is procured by the addition of carbonate of 
potassa. It sometimes occurs in spring and river water. It may be crys- 
tallized by very low evaporation. It is soluble in alcohol. When exposed 
to heat it fuses, and on cooling concretes into a phosphorescent substance 
called Balduinh phosphorus. At high temperatures the acid is driven off, 
and pure lime remains. 

Sulphide of Calcium (CaS) is formed by passing sulphuretted hydrogen 
over red-hot lime, when water is evolved: CaO-fHS=CaS+HO. It is 
also formed by the action of charcoal, or of hydrogen, upon sulphate of lime 
at a red heat. It is slowly acted upon by water, forming a colorless solu- 
tion. When freshly prepared it is phosphorescent {Canton's phosphorus.') 

Bisulphide op Calcium (CaS^). — When sulphur and hydrate of lime, 
about equal weights, are boiled together in water, and the solution cooled, 
yellow prismatic crystals form, which, after having being dried in vacuo^ are 
permanent : their taste is alkaline and sulphurous ; they contain 1 atom of 
calcium, 2 of sulphur, and 3 of water : when gently heated in vacuo they 
become anhydrous, and the bisulphide remains. The yellow liquor, from 
which the crystals are deposited, retains hyposulphite of lime in solution : 
6S+30aO=CaO,S203 + 2CaS3. By exposure to air it becomes colorless, in 
consequence of its conversion into hyposulphite. 

Pentasulphide of Calcium (CaSg). — When excess of sulphur is boiled 
in water with quicklime, a compound of 5 atoms of sulphur with 1 of cal- 
cium is formed, which is not crystallizable : it is soluble in alcohol ; and when 
its aqueous solution is evaporated in vacuo, it leaves a yellow mass contain- 
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ing about 80 per cent, of sulphur. By heat it loses sulphur, and becomes 
protosulphide. 

Hyposulphite of Lime (CaO^S^Oy).— When crystals of hydrated bisul- 
phide of calcium are ground in a mortar with sulphurous acid, it loses its odor^ 
and when filtered it is found to be a solution of hyposulphite of lime. By 
passing sulphurous acid through the yellow liquor obtained by boiling lime 
and sulphur in water, the same product is obtained ; and if the solution be 
filtered and evaporated, at a temperature not exceeding 140°, it furnishes 
hexagonal crystals (=CaO,S202,4-6HO), which at the temperature of ebul- 
lition are decomposed into sulphite of lime and sulphur. The crystals are 
little altered by air, very soluble in water, and insoluble in alcohol. This 
salt is occasionally employed in photography as a means of removing the salts 
of silver from drawings, so as to render them permanent when exposed to light. 

Sulphite of Lime (CaO^SOg) is formed by passing sulphurous acid into 
a mixture of lime and warm water. It is a white powder of a slightly sul- 
phurous taste; it requires about 800 parts of water at 60° for solution : it 
is rendered soluble by excess of sulphurous acid, and then separates in hex- 
angular prisms, of difficult solubility, efflorescent, and passing into sulphate 
of lime by exposure to air. 

Sulphate op Lime (CaO,S03) occurs native in selenite^ gypsum, and 
plaster 'Stone, It is formed artificially by decomposing a solution of a soluble 
salt of lime, by sulphuric acid or by a soluble sulphate. When slowly 
deposited, it forms silky crystals soluble in 850 parts of water. When these, 
or the native crystallized sulphate (CaO,SOg2HO), are exposed to a heat of 
about 300°, they lose 20 per cent, of water, and fall into a white powder 
{plaster of Paris), which, made into a paste with water, soon solidifies, and 
when in large quantity, with very sensible increase of temperature : hence 
its use in taking casts for busts, figures, and ornaments ; it is also the basis 
of stucco, and scagliola or artificial marble, which is made by mixing plaster 
of Paris, colored in various ways, with size and water ; when it has indurated^ 
its surface is polished. Exposed to a red heat, but short of its fusing-point, 
it loses this property of recombining with water. The sp. gr. of anhydrous 
sulphate of lime (artificial) is 2-92*1 : it requires about 500 parts of water 
at 60°, and 450 parts at 212°, for its solution. Like other sulphuric salts, 
it is slowly decomposed when its solution is subjected to the action of decay- 
ing vegetable matter, in which case the odor of sulphuretted hydrogen 
becomes apparent. As sulphate of lime is more soluble in water than pure 
lime, sulphuric acid affords no precipitate when added to lime-water. Nearly 
all spring and river waters contain traces of this salt, and in those waters 
which are called hard it is often abundant; it renders them unfit for washing 
and for culinary purposes. At a very high temperature sulphate of lime is 
fusible, but suffers no decomposition ; heated with charcoal it is converted 
into sulphide of calcium. It dissolves in dilute nitric and hydrochloric acids, 
and separates from these solutions silky crystals. It is decomposed by the 
alkaline carbonates. Sulphate of lime is sometimes employed as a manure, 
and, when sprinkled over the land in small quantity, is said to improve 
certain soils, especially for the growth of clover: is used for many purposes 
in the arts. 

Native Sulphate of Lime occurs in various forms. The crystallized or 
hydrous YSivietjf CaO,S03,2HO, is called selenite ; the fibrous and earthy, 
gypsum; and the granular or massive, alabaster. The primitive form of 
selenite is a rhomboidal prism. The crystals are commonly transparent, of 
a specific gravity of 2*32, and may be scratched by the nail. A beautiful 
fibrous variety, called satin gypsum^ is found in Derbyshire, applicable to 



PHOSPHATE OF LIME. 331 

ornamental purposes. Massive and granular gypsum is found in the sand- 
stone accompanying the salt-deposits in Cheshire. It abounds in the strata 
of Montmartre, near Paris. In the Tyrolese, Swiss, and Italian Alps, it is 
found upon the primitive rocks. It is turned in the lathe, and sculptured 
into a variety of beautiful forms. There is a variety of sulphate of lime 
which has been called anhydrous gypsum or anhydrite, in reference to its 
containing no water. It is harder and denser than selenite, its specific 
gravity being 2*96: it sometimes contains common salt, and is then called 
muriacite. It is rarely crystallized. It has been found in Derbyshire and 
jN'ottinghamshire, of a pale-blue tint ; sometimes it is pink or reddish, and 
often white. A compound of sulphate of lime and sulphate of soda is found 
in the salt mines of New Castile, which mineralogists have described under 
the name of Glauberiie, and which may be formed artificially by fusing the 
two salts. 

Phosphide op Calcium (CaP).— By passing the vapor of phosphorus 
over lime heated to dull redness, a brown compound is produced, which 
decomposes water with the evolution of phosphuretted hydrogen, and con- 
sists of the phosphide of calcium and phosphate of lime ; the oxygen of the 
lime at this temperature converts a portion of the phosphorus into phos- 
phoric acid, and the evolved calcium combines with another portion of phos- 
phorus to form phosphide. In a damp atmosphere this substance crumbles 
into a brown powder, and in this state does not produce a spontaneously in- 
flammable gas when put into water. It is rapidly decomposed by the dilute 
acids, (^ee Phosphides op Hydrogen, p. 228.) 

Hypophosphite of Lime (CaO,PO,2HO) may be obtained by carefully 
boiling phosphorus in a thin cream of lime, filtering the solution, and 
passing carbonic acid through it, to separate excess of lime. It is also 
formed by the action of boiling water on phosphide of calcium, and treating 
the clear liquor in the same way. The solution evaporated in vacuo, 
furnishes rectangular prismatic crystals of the hypophosphite, which are 
nearly equally soluble in hot and cold water, and quite insoluble in alcohol: 
they contain from 18 to 22 per cent, of water of crystallization. This salt 
is used in medicine. 

Phosphates op Lime.-— There appears to be several definite combina- 
tions of lime with phosphoric acid, but the following is the most important. 

Common Phosphate op Lime ; Tribasic Phosphate of Lime ; Bone 
Phosphate; (3(CaO),P05).— This salt occurs abundantly in bone-ash, 
and is found as a mineral product. On adding chloride of calcium to the 
tribasic phosphate of soda, a corresponding phosphate of lime precipitates. 
When a solution of bone-earth in hydrochloric or nitric acid is boiled to 
expel all carbonic acid, and decomposed by caustic ammonia, the bone- 
phosphate separates in the form of a bulky precipitate, which, when per- 
fectly dried, is white and amorphous. When bone-phosphate is digested in 
dilute sulphuric acid, it is resolved into sulphate of lime and (if a sufficiency 
of sulphuric acid be used) phosphoric acid : 3(CaO),P054-3S03=3[CaO, 
SOgJ+POg. If less sulphuric acid be used, an acid phosphate of lime is 
formed. Hydrochloric and nitric acids readily dissolve bone-phosphate. 
Acetic acid, and water saturated with carbonic acid, also dissolve it. 
Caustic ammonia added to these acid solutions throws down the original 
phosphate. It is also slightly soluble in solutions of ammoniacal salts, and 
of chloride of sodium ; and when recently precipitated, it is slightly soluble 
in water. Water containing starch or gelatine in solution, dissolves it 
somewhat more freely. 
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Native- phosphate of lime (bone phosphate) occurs in apatite, moroxiie, 
phosphorite, and asparagus stone; its primitive form is a six-sided prism : it 
also occurs in some volcanic products. Crystallized apatite is found of 
great beauty in Cornwall and Devon, and the massive varieties in Bohemia 
and in Spain. This is one of the most beautiful of the phosphorescent 
minerals. When fragments of it are placed upon iron heated just below 
redness, they emit a brilliant pale green light. In these minerals the phos- 
phate is generally associated with fluoride of calcium, the formula of apatite 
being 3[3CaO,P05]-|-CaF. The substances known under the name of 
coprolites, and which appear to be the excrements of fossil reptiles, also 
abound in phosphate of lime. On the shore at Lyme Regis, and in the 
lias of the estuary of the Severn, they are singularly abundant. They occur 
throughout the lias of England, and in strata of all ages that contain the 
remains of carnivorous reptiles; in external form they resemble oblong 
pebbles, varying in size with the cells of the intestines which have produced 
them. Phosphate of lime occurs in small quantities in some varieties of 
chalk, and in certain schists and other rocks. It is present in all fertile soils, 
and in the vegetables they produce, through which it is conveyed to the 
animals that feed upon them. These facts bear importantly upon agricul- 
ture, and give great interest to the economy of bone-manure, and other 
sources of the phosphates. Minute quantities of phosphate of lime and 
phosphate of iron have been detected in the water of the deep wells of 
London. 

Carbonate of Lime (CaO,COa) is the most abundant compound of this 
alkaline earth ; it exists in river and spring water, and consequently in the 
ocean, and is an essential ingredient in fertile soils. When lime-water is 
exposed to air, it becomes gradually covered with an insoluble film of car- 
bonate of lime ; hence its use as a test of the presence of carbonic acid ; but 
excess of carbonic acid redissolves it, producing a supercarbonate. It follows, 
therefore, that if lime-water be added, in equivalent proportion, to water 
holding carbonate of lime in solution by excess of carbonic acid, the whole 
of the lime may be thrown down in the form of an insoluble carbonate, and 
the water will remain pure. Carbonate of lime is also precipitated by the 
carbonated alkalies, from solutions of calcareous salts. It is a tasteless 
white powder, insoluble in pure water, and having no alkaline reaction. Ex- 
posed for a sufficient time, in a humid state, to the joint action of a red heat 
and current of air, the whole of the carbonic acid escapes, to the amount of 
44 per cent., and quicklime is obtained. Cream of lime gradually absorbs 
carbonic acid to the amount of half an equivalent when exposed to the air, 
and forms a definite compound of hydrate and carbonate. It also appears, 
that in burning lime, one-half of the carbonic acid escapes more easily than 
the other, indicating the existence of a dicarbonate=2(CaO),COa. 

Native Garhonate of lime occurs in great abundance and in various forms. 
The primitive form of the crystallized carbonate or calcareous spar, is an 
obtuse rhomboid. Its specific gravity is 2'T2. It occurs in every kind of 
rock, and its secondary forms are more numerous than those of any other 
substance. What is termed Iceland spar is this substance in its primitive 
form, and of extreme purity ; it is highly doubly refractive when transparent. 
Some of the varieties are opaque or translucent, snow-white, or tinged of 
different hues. It is recognized by its rhomboidal fracture and moderate 
hardness, being scratched by fluor-spar ; before the blowpipe it loses carbonic 
acid, and becoming lime, is intensely luminous. Carbonate of lime some- 
times forms stalactites and stalagmites, of which some of the caverns of Derby- 
shire furnish magnificent specimens ; it is there deposited from its solution 
in water acidulated by carbonic acid, and substances immersed in this water 
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become incrusted by carbonate of lime when the excess of acid flies off. A 
fibrous carbonate of lime, called satin-sparj is found in Cumberland, 

A peculiar variety of carbonate of lime, originally found in Arragon, in 
Spain, has been termed Arragonite ; it often occurs in six-sided crystals of a 
reddish color, and is harder than the common carbonate. There is also an 
acicular or fibrous variety, found in France and Germany. 

All the varieties of marhk and limestone consist essentially of carbonate of 
lime ; of these, white granular limestone, or primitive marble, is most esteemed; 
there are, also, many colored varieties of extreme beauty. The most celebrated 
statuary marble is that of Paros, and of Mons. Pentelicus, near Athens ; and 
of Carrara, or Luni, on the eastern coast of the Gulf of Genoa ; it is milk- 
white and less crystalline than the Parian. Many beautiful secondary marbles 
for ornamental purposes are quarried in Derbyshire, and especially the black 
marble. Westmoreland and Devonshire also afford varieties of ornamental 
marble ] and in Anglesea, a marble intermixed with green serpentine is found, 
little inferior in beauty to the verd antique. Among the inferior limestones, 
we enumerate many varieties, such as common marble; bituminous limestone, 
abundant upon the Avon, near Bristol, and known under the name of swine- 
stone, or stink-stone, from the peculiar smell which it affords when rubbed ; 
Oolite, or Roestone, of which the houses of Bath are built ; Portland-stone ; 
Pisolite, or pea-stone, consisting of small rounded masses composed of con- 
centric layers, with a grain of sand in the centre ; and lastly, chalk and marl. 
All these substances are more or less employed for ornamental or useful 
purposes ; they afford quick-lime when burned, and in that state are of great 
importance in agriculture, and as ingredients in the cements used for building. 
Silicates of Lime.— There are several native silicates of lime ; apophyllite 
is a hydrated potassio-silicate, and datolite and botryolite are hydrated boro- 
silicates of lime. Silicate of lime is also an ingredient in many varieties of 
glass, and in the slags of iron-furnaces. Silica and lime have been combined 
by fusion, but this requires a very high temperature, and the results have not 
been minutely examined; the most common silicate of lime is that in which 
the oxygen in the base is to that in the acid as 1 : 3 (CaOjSiOg). 

Mortar s.-^ljimQ and silica are the principal components of mortars and 
cements, but common mortar is a mixture rather than a compound. When 
lime, made into a paste with water, is applied to the surface of porous stones, 
or bricks, the greater part of the water is absorbed, and a layer of hydrated 
lime adheres to the surface : but this adhesion is much greater if the lime be 
previously mixed with two or three parts of silicious sand, and more 
especially if the too rapid absorption of the water be prevented by previously 
wetting the surface of the brick or stone to which the mixture is applied. 
Much of the excellence of the mortar depends upon the selection of the sand, 
which should be clean, sharp, and rather coarse-grained, and upon the quality 
of the lime, and the care with which they are blended ; and it should be 
spread thinly, and not allowed to dry too rapidly. Under these circum- 
stances it adheres firmly to the surfaces to which it is applied ; and as it 
dries, it absorbs carbonic acid when exposed to the air, and a strong 
adhesion ensues between the lime and sand, in consequence, probably, of the 
formation of a thin layer of silicate of lime upon each grain of the latter. 
But although good mortar is excellent for all common purposes, it is soon 
disintegrated under water ; and where buildings are to resist such action, 
peculiar kinds of limstones are required, so as to constitute what are called 
hydraulic cements. There are several substances more or less effective in 
imparting to mortar the valuable property of hardening under water. Lime- 
stone containing alumina, silicate of alumina, carbonate of magnesia, or oxide 
of iron, are of this class ; and consequently, meagre limes as they are called, 
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or limestones containing clay^ afford, when burned, an hydraulic lime ; and 
artificial mixtures of particular kinds of clay, with chalk or other limestones, 
and a proportion of sand, when duly calcined in properly constructed kilns, 
are employed for this important manufacture. Portland cement ^ and Roman 
cement, are hydraulic mortars or cements of this description ; the former, 
when dry, resembling Portland stone ; and the latter, being a substitute for 
the cements containing puzzuolana, a volcanic product found af Puzzuoli, near 
Naples, and long celebrated as conferring hydraulic properties on common 
lime : it contains the silicates of alumina, lime, and soda. The rapidity 
with which these cements harden in damp places, or when exposed to water, 
varies with their composition : 10 or 12 per cent, of clay confers hydraulic 
properties, but the cement requires about twenty days to harden. With 20 
to 80 per cent, of clay, it sets in two or three days ; and with 25 to 35 per 
cent, it is hard in a few hours. The last mixtures are those in common use 
for facing buildings, and when the cement is of good quality and very care- 
fully prepared, it is extremely durable and weather-proof, and admits of 
elaborate moulding. A mixture of hydraulic mortar with coarse gravel, or 
broken flints, is largely used under the name of concrete, for the foundations 
of buildings ; it soon hardens and becomes impermeable to moisture. 

Tests for Lime and its Salts.— A solution of lime (lime-water) is 
alkaline, and has the general properties of solutions of baryta and strontia, 
in reference to the action of nitrate of silver, and precipitation by carbonic 
acid, or any.alkaline carbonate. It is distinguished from a solution of baryta, 
in not being precipitated by diluted sulphuric or fluosilicic acids ; also by the 
fact that the precipitate given by oxalic acid in the solution, is not dissolved 
by an excess of the acid. In the last-mentioned character, lime resembles 
strontia ; but the non-precipitation of lime by sulphuric acid furnishes a 
sufficient distinction. Of the three alkaline-earthy solutions, lime-water is the 
only one which yields a deposit when boiled. 

The soluble salts of lime are neutral. They are precipitated— 1 . By 
alkaline carbonates and bicarbonates. 2. When the solutions are diluted, 
they are not precipitated by sulphuric acid or alkaline sulphates ; 3. They 
are not precipitated by a solution of sulphate of lime, or chromate of potassa. 
4. They are precipitated by oxalic acid, and oxalate of ammonia. The 
oxalate of lime is insoluble in oxalic and acetic acids, but is dissolved by 
mineral acids. The oxalate of ammonia will detect one part of lime in 
50,000 of water ; it is generally resorted to for the quantitative determination 
of lime. t3 parts of oxalate of lime carefully dried at 212^, indicate 28 of 
lime ; or the oxalate may be converted, by a very low red heat, into carbonate 
of lime, or by a higher heat into quicklime. They are mostly soluble in nitric 
and hydrochloric acids. 5. When chloride of calcium is burnt in the flame 
of alcohol, it imparts to it an orange-red color. This is resolved by spectral 
analysis into green and orange bands (p. 58), no other alkaline metal giving a 
green color, excepting barium. Those salts of lime which are insoluUe in 
water are nearly decomposed when boiled in solution of carbonate of soda or 
potassa, and. so afford carbonate of lime. 

Magnesium (Mg=12). 
Magnesium was first obtained by Davy in 1808, by passing the vapor of 
potassium over white-hot magnesia, but was not accurately examined till 
1830, when Bussy prepared it by heating anhydrous chloride of magnesium 
with sodium. Bunsen and Matthiesen have recently procured this metal, by 
electrolyzing the fused chloride of magnesium. It is a silvery white, ductile, 
malleable metal ; fusible at a red heat, volatile at the same temperature as 
zinc, and burns with great brilliancy, evolving an intensely white light when 
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heated in the air. It is unchanged in dry air, and is only slowly oxidized in 
damp air. It does not decompose water and liberate hydrogen, but is rapidly 
dissolved by dilute acids. It burns when heated in chlorine, and in the 
vapor of bromine, iodine, and sulphur. It may be boiled in potassa without 
undergoing any change. Its sp. gr. is l'T4. 

Oxide of Magnesium. Magnesia (MgO).~This, which is the only 
compound of magnesium and oxygen, is procured by exposing carbonate of 
magnesia to a red heat. It forms a bulky white insipid powder, sp. gr. 
about 3*4:, nearly insoluble in water, and having an alkaline reaction upon 
vegetable colors. Notwithstanding its great insolubility, the alkalinity of 
the oxide may be clearly proved by mixing a portion of it with blue infusion 
of cabbage or red litmus. The former is turned green, and the blue of the 
latter is restored. If the oxide is diffused in water, and a solution of sul- 
phuretted hydrogen added, followed by a few drops of a solution of nitro» 
prusside of sodium, a rich rose-pink color is brought out. . Its basic character 
and power of displacing metallic oxides are also proved by mixing it with a 
solution of nitrate of silver ; brown oxide of silver is separated. If arsenio- 
aitrate of silver is used, a yellow precipitate of arsenite of silver is produced. 
It is almost infusible, and a mixture of lime and magnesia is scarcely more 
fusible than the separate earths. It does not absorb carbonic acid, or 
moisture, when exposed to air, nearly so rapidly as the other alkaline earths ; 
and scarcely any heat is produced by pouring water upon it, but it is con- 
verted into a hydrate (MgO,HO). When thrown down from its solutions 
by potassa, collected upon a filter, and dried at 212°, it still retains water ; 
but at a temperature below redness, it becomes anhydrous. It is insoluble 
in solutions of potassa and soda. It forms bitter saline compounds with 
the acids ; and is readily distinguished by the solubility and bitter taste of 
its sulphate: The attractions of magnesia for the acids correspond, in most 
instances, closely with those of ammonia, which is in some cases displaced 
by, and in others displaces, magnesia. 

Native hydrate of magnesia exists in the serpentine rocks of Hoboken, in 
New Jersey ; and in Unst, one of the Shetland Isles. It has a pale greenish 
hue, and a soft lamellar texture ; sp. gr. 2*3, Sometimes it forms prismatic 
crystals. 

Nitrate of Magnesia (MgOjNOs). This salt may be procured by 
digesting carbonate of magnesia in diluted nitric acid, and evaporating to 
produce crystallization. It is very deliquescent, and is obtained crystallized 
with difficulty, in rhomboidal prisms. It is soluble in half its weight of 
water, and in nine parts of alcohol. It has a cooling and bitter taste. It is 
decomposed at a red heat, leaving magnesia. 

Chloride of Magnesia (MgCl) may be obtained by dissolving 1 part of 
magnesia in hydrochloric acid, and then adding 3 parts of sal-ammoniac, 
and evaporating the mixed solution to dryness. The resulting double salt 
(NH4,Cl,2MgCl) is then decomposed by a red heat in a covered platinum 
crucible. When the sal-ammoniac is expelled, chloride of magnesium 
remains, and concretes on cooling ; it forms a crystalline mass, which evolves 
heat when acted on by water. It cannot be obtained by simply evaporating 
its aqueous solution to dryness, for in that case hydrochloric acid escapes, 
and magnesia remains. Wh^n a concentrated solution of chloride of magne- 
sium is exposed to a cold atmosphere, it yields prismatic hydrated crystals 
(MgCl,6H0), deliquescent, very soluble in water and alcohol, and of a 
bitter and biting taste. This salt is found in a few saline springs, and in 
the water of the ocean, forming a principal ingredient in the liquid which 
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remains after the separation of sea salt, and which is usually called hittern 
(page 135). Bromide of magnesium is also a constituent of sea-water. 

Sulphate oe Magnesia (MgOjSOg).- — The commercial demands for sul- 
phate of magnesia are chiefly supplied from sea-water, and from magnesian 
limestone. When sea-water is resorted to, the greater part of the common 
salt is first removed by evaporation, and the remaining hitteriij consisting 
chiefly of a solution of chloride of magnesium and sulphate of magnesia, is 
boiled down with the addition of sulphuric acid, or with sulphate of soda, by 
either of which the chloride is ultimately decomposed and converted into 
sulphate. The bittern may be also decomposed by hydrate of lime, and the 
resulting precipitate afterwards treated by sulphuric acid, by which sulphate 
of magnesia and sulphate of lime are obtained. When magnesian limestone 
is used as a source of sulphate of magnesia, it is calcined, and reduced to 
powder by sprinkling it with water ; it is then diffused through water, and 
sulphuric acid is added, and as sulphate of magnesia is so much more soluble 
than sulphate of liine, it is easily separated. A solution of sulphate of lime 
may be also decomposed by carbonate of magnesia, as is sometimes seen, 
where water holding sulphate of lime in solution, filters through strata of 
magnesian limestone. The sulphate of magnesia from bittern is sometimes 
preferred as a source of magnesia, or of carbonate of magnesia, in conse- 
quence of the absence of iron, traces of which are always discoverable in the 
sulphate obtained from magnesian limestone ; but as the latter is free from 
chloride of magnesium, and consequently not deliquescent, and may be 
obtained nearly pure, it is generally preferred for medicinal use. 

There are some saline springs, or mineral waters, in which sulphate of 
magnesia is the leading ingredient, as those of Seidlitz, Seydschutz, Egra, 
and formerly those of Epsom in Surrey, whence the name of JSpsom salt; it 
is also largely obtained in some alum works. It not unfrequently occurs as 
a fine capillary incrustation upon the damp walls of cellars and new build- 
ings. It has been found native^ constituting the hair salt of mineralogists. 
It appears to be produced, in some springs, by a reaction of sulphate of lime 
in the water, on carbonate of magnesia in the soil. 

Crystallized sulphate of magnesia (MgO,S03,*lHO), forms, at ordinary 
temperatures, four-sided prisms with reversed dihedral summits ; or four- 
sided pyramids. When the crystals are formed at about tO^ to 80°, they 
contain 6H0 : at 32^ they are large and contain 12H0. Their density is 
I'T. Exposed, to air, the salt has, when pure, a slight tendency to efflo- 
rescence, but the salt of commerce is often deliquescent from the presence of 
chloride of magnesium. Its taste is saline and bitter. The crystals are 
soluble in about their own weight of water at 60°, and in three-fourths their 
weight of boiling water. When exposed to heat, they readily lose six equiva- 
lents of water, but retain one equivalent, up to 500. At a red heat this 
salt becomes anhydrous, and at a higher temperature it runs into a white 
enamel. The anhydrous salt regains water from the atmosphere, and when 
sprinkled with water evolves much heat. 

The aqueous solution of sulphate of magnesia furnishes a precipitate of 
hydrated carbonate, upon the addition of carbonate of potassa, or of soda ; 
but carbonate of ammonia does not even render it turbid, unless heat be 
applied, in which case a precipitate is also thrown down. The alkaline 
bicarbonates occasion no precipitate when added to a cold solution of sul- 
phate of magnesia, but after some hours crystals of hydrated carbonate of 
magnesia are deposited. 

AmmoniO'Sulphate of Magnesia (NH40,MgO,2S03,6HO) may be obtained 
by mixing solution of sulphate of ammonia with solution of sulphate of mag- 
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nesia ; if the solutions are concentrated, it falls as a white crystalline powder; 
or by pouring ammonia into a solution of the sulphate of magnesia, in which 
case, part only of the magnesia is thrown down, the remainder forming, 
with the sulphate of ammonia, this salt. It crystallizes in oblique rhombic 
prisms. 

Sulphate of Potass a and Magnesia (KO,MgO,2S03,6HO) forms rhom- 
boidal crystals, scarcely more soluble than sulphate of potassa, and of a 
bitter taste. 

Sulphate of Soda and Magnesia (]vraO,MgO,2S03,6HO) forms truncated 
rhombic crystals, soluble in about five parts of water at 60^. 

Phosphates op Magnesia. Trihasic phosphate of magnesia and water 
(2(MgO)HO,P05+14HO). — This phosphate is formed by mixing a solu- 
tion of two parts of crystallized sulphate of magnesia in 32 of water, with 
a solution of three parts of common crystallized phosphate of soda in 32 of 
water: after twenty-four hours, acioular crystals are deposited, having the 
above formula. They effloresce in the air, and are sparingly soluble in 
water, but readily soluble in dilute acids. At a red heat, this salt becomes 
Q> pyrophosphate=2{M.gO')VOy 

Phosphate oe Ammonia and Magnesia (2(MgO)NH40,P05+12HO).— 
This salt, formerly designated triple phosphate, is produced when ammonia, 
or an ammoniacal salt, is added to a mixture of common phosphate of soda 
with any magnesian salt. Thus on adding ammonia or carbonate of ammo- 
nia to a mixed solution of phosphate of soda, and sulphate of magnesia, the 
ammonia-magnesian phosphate falls in the form of a white granular precipi- 
tate, insoluble in the liquid from which it is thrown down, but sparingly 
soluble in pure water, so that it cannot be washed upon the filter without 
loss. It is readily soluble in the greater number of diluted acids. If bicar- 
bonate of ammonia is used in its formation, it falls slowly, but its appearance 
is accelerated by drawing lines with a glass rod upon the surface of the glass 
or basin containing the mixed solutions, when the double phosphate pre- 
sently appears upon those lines. When this phosphate is heated, it loses 
water and ammonia, and at a red heat, glows like tinder, and leaves a phos- 
phate of magnesia=2MgO,P05; containing therefore 35 'T per cent, of mag- 
nesia. It is often resorted to for the determination or the presence, and of 
the quantity of magnesia. 

This salt is frequently deposited from urine, in the form of white sand, or 
as a superficial crystalline film, especially in cases where the natural acidity 
of the urine is diminished by diet, medicine, or morbid action, constituting 
what has been termed the phosphatic diathesis ; it frequently forms urinary 
calculi ; and it occurs in intestinal concretions. The presence of phosphate 
of magnesia in the husk of grain, in the potato, and other plants, is im- 
portant to the agriculturist, and shows why phosphoric acid and magnesia 
are contained in fertile soils : its existence in urine, and almost animal ma- 
nures, contributes therefore to their efficacy : it has been said especially to 
promote the growth of potatoes. It may be detected, in considerable quan- 
tity, in good malt liquor. 

Carbonate oe Magnesia. Ifagnesia aZ^a.—This term is applied to the 
precipitate obtained by adding carbonate of soda to a solution of sulphate 
of magnesia, and edulcorating and drying it : it is generally obtained from 
boiling solutions, and great attention should be paid to the purity of the 
water employed in washing the precipitate, and to the method of drying it. 
It usually contains from 40 to 43 per cent, of magnesia-, 36 to 31 of carbonic 
acid, and from 20 to 22 of water; so that it may be regarded as =5MgO, 
22 
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^OOqjGHO : or 4 atoms of monohydrated carbonate, in combination with 1 
atom of binhydrate of magnesia. 

A light and a heavy carbonated magnesia are prepared for pharmaceutical 
use, dependent upon the strength of the solutions from which they are pre- 
cipitated : if these be dilute, it is light and bulky ; if more concentrated, the 
product is more dense. 

Native Garhonate of Magnesia has been found in Piedmont and Moravia, 
and at Hoboken, in North America, in veins in a serpentine rock, accom- 
panying the native hydrate. A variety of native carbonate of magnesia has 
also been brought from India. 

When a current of carbonic acid is passed through a mixture of water and 
carbonate of magnesia, under pressure, a clear solution is obtained, which 
has a bitter taste, and which, when surcharged with carbonic acid, affords a 
useful medicinal preparation j but a crystallized hicarhonate of magnesia cannot 
be obtained. 

Carlonate of Potassa and Magnesia (KO,2MgO,4C03+9HO).— -When 
excess of bicarbonate of potassa is mixed with chloride of magnesium, no 
precipitation ensues, but in a few days crystals are formed, of an alkaline 
taste, which are decomposed by hot water. 

Garhonate of Soda and Magnesia is formed as the double potassa salt, by 
bicarbonate of soda. When magnesia is precipitated by carbonate of soda, 
a portion of the double soda salt is retained, unless the liquid is boiled. An 
excess of sulphate of magnesia easily dissolves the precipitated carbonate. 

Garhonate of Lime and Magnesia is the mineral known under the name of 
hitter spar ; it has the primitive form of carbonate of lime, and consists of 
one atom of each of its component carbonates. Dolomite^ or magnesian car- 
bonate of lime, is similarly constituted, being MgO,CO24-0aO,CO3. Some 
varieties of bitter spar and dolomite are also ==3(CaO,C02) + 2(MgO,C02), 
and 2(CaO,CO3) + 0MgO,CO2), The formula of Gonite is CaO,CO, + 3(Mg 
0,C0,). 

Some of the magnesian limestones are well adapted for rough sculpttire, 
and building materials; but when porous, or granular, they are subject to 
decay, especialjly in a London atmosphere, where the rain always brings down 
some sulphate of ammonia, a salt which acts on the magnesian limestone, 
forming carbonate of ammonia, and sulphate of magnesia and lime : these 
sulphates, by crystallizing in the pores of the stone, tend to its gradual dis- 
integration. It has been attempted to check this crumbling, by washing 
the surface first with a solution of silicate of soda, and then with chloride of 
calcium, so as to form an insoluble silicate of lime in the pores of the stone, 
which tends to cement and indurate it, and trials of this kind are now being 
made at the Palace of Westminster: how far it may be possible to arrest the 
decay unfortunately going on in many parts of that building remains to be 
proved. 

Borates of Magnesia. — Several of these salts have been described, but 
the only one of interest is Boracite. It is to be found in Holstein. Its 
primitive form is a cube, but the edges and angles are generally replaced by 
secondary planes : these crystals become electric by heat, the most complex 
angles being rendered positive, and the simplest negative. It sometimes 
contains lime. Its sp. gr. is 2-95 : it is difficultly fusible before the blowpipe^ 
insoluble in water, and slowly soluble in acids. It consists of 3 atoms of 
magnesia combined with 4 of boracic acid. 

Silicates of Magnesia.— -These compounds are difficult of fusion, but 
become less so by the addition of silicate of lime : the neutral silicate, Mg 
0,Si03, may be melted in a blast-furnace. Native silicates of magnesia are 
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abundant : the varieties of serpentine are silicates combined with hydrates of 
magnesia. Talc^ steatite^ soap-stone, French-chalk, and meerschaum, are also 
magnesian silicates : and Jade, so extensively used for ornamental purposes 
by the Chinese, is a silicate of magnesia and lime. Olivine, or chrysolite, 
found in igneous rocks, and occasionally accompanying meteoric iron, is a 
silicate of magnesia and iron. Many other double magnesian silicates are 
common mineral products. 

Tests for Magnesia and its Salts. — The oxide of magnesium, or mag- 
nesia, is distinguished from the other alkalies and alkaline earths, by its in- 
solubility in water. With this exception, it has the usual properties of an 
alkali in its action on vegetable colors, and on a solution of nitrate of silver.? 
It is dissolved by acids, forming the salts of magnesia, which are neutral and 
characterized by a bitter taste. 

The aqueous solutions are precipitated : 1. By potassa or soda, the pre- 
cipitate being soluble in hydrochloric, nitric, and sulphuric acids, and in 
hydrochlorate, nitrate, and sulphate of ammonia, but not in potassa or soda. 
2. Ammonia throTvs down only part of the magnesia from a diluted solution, 
and forms a double salt. The precipitated hydrate of magnesia is soluble 
in hydrochlorate of ammonia. Ammonia does not precipitate the solutions^ 
of any other alkali or alkaline earth. 3. Carbonate of potassa or soda throws 
down only a part of the magnesia, unless the solution is heated, when nearly 
the whole is precipitated. Sal-ammoniac redissolyes this precipitate, and 
when previously added to the magnesian solution, no precipitate ensues on 
adding the alkaline carbonates, unless the liquor is heated. 4. The carbo- 
nate of ammonia and bicarbonates of potassa and soda give no precipitate 
in magnesian solutions, except the liquor be boiled. These tests distinguish 
a magnesian salt from the salts of baryta, strontia, and lime, which are pre- 
cipitated in the cold. 5. Common phosphate of soda only precipitates con- 
centrated magnesian solutions, but if ammonia or carbonate of ammonia be 
added, the magnesia is precipitated in the form of ammonio-magnesian phos- 
phate, insoluble in hydrochlorate of ammonia, and diluted ammonia. Moist- 
ened with acetate of cobalt, and heated before the blowpipe, the magnesian 
salts give pale rose-colored compounds : the tint is only distinct on cooling, 
and never very intense. 6. Sulphuric acid and the alkaline sulphates, oxalic 
acid and the oxalates, give no precipitate in a solution of a salt of magnesia. 
%. A magnesian salt, if pure, gives no color to the flame of alcohol. 

In quantitative analysis, magnesia is almost always precipitated by a solu- 
tion of phosphate of soda, to which ammonia or its carbonate has been 
previously added ; it is collected and washed with the precautions above 
mentioned, and ignited so as to be weighed in the state of pyrophosphate. 
Every 100 parts of ammonio-magnesian phosphate, dried at 60°, indicate 
16*26 of magnesia: every 100 parts of its residue, after ignition, indicate 
35 'T parts of magnesia. 
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CHAPTEE XXVII. 

ALUMINUM—aLUCINUM — ZIRCONIUM— THORINTJM— YTTRIUM 
— ERBIUM — TERBIUM — CERIUM — LAN THAN UM — D I DYM I UM. 

ALUMINUM (AT = 14). 

Aluminum is obtained by passing the vapor of chloride of aluminum over 
sodium, heated in a porcelain tube : intense ignition ensues, and the reduced 
aluminum forms metallic globules: (Al^Cl.+SlSra— 2Al+3]SraCl). The 
mineral callpd cryolite (a double fluoride of aluminum and sodium) has also 
been used as a source of the metal, and is decomposed when heated with 
sodium, yielding globules of aluminum, imbedded in fused flu.oride of sodium. 
The changes which take place may be thus represented : Al2F3,3NaF+ 
3Na=2Al + 6NaF. 

Aluminum is a white malleable and ductile metal, of about the hardness 
of silver; its specific gravity, when rolled, is about 2*61, and when cast 
2*56. Its point of fusion is, according to Deville, lYSO^. It is not acted 
upon by air or water at common temperatures, but damp air slowly tarnishes 
it. When intensely heated in a current of air, it suffers only slight oxida- 
tion: heated to redness in an atmosphere of steam, it is slowly oxidized. It 
is readily acted upon by hydrochloric acid, which evolves hydrogen and 
forms chloride of aluminum : neither sulphuric nor nitric acid affects it 
at common temperatures, but when boiled in the latter, it is oxidized so 
long as the heat is maintained. In concentrated solutions of potassa and 
soda it is oxidized, and hydrogen is liberated. This action is increased when 
the alkaline solution is heated. It forms alloys with many of the other 
metals, but does not combine with mercury. It is not affected by sulphur 
or sulphuretted hydrogen. The general characters of this metal are such 
as to fit it for many useful purposes, but its high price has hitherto limitied 
these applications. 

Oxide op Aluminum. Alumina (AlgOg).— To obtain alumina we de- 
compose a solution of alum by excess of carbonate of potassa, wash the 
precipitate with repeated portions of hot distilled water, redissolve it in 
hydrochloric acid, precipitate it again by ammonia, and thoroughly edulco- 
rate, and dry the precipitate : it is rendered anhydrous by exposure to a red 
heat. In this process, the alumina which first falls always retains a little 
alkali, which is got rid of by the second solution, and precipitation by am- 
monia ; if ammonia be used as the original precipitant of a solution of alum, 
the resulting precipitate retains subsulphate of alumina, not decomposable 
by excess of ammonia. Pure aluinina may also be obtained by igniting 
pure ammonia-alum, sulphate of ammonia evaporates, and alumina remains, 
perfectly white, and soft to the touch, but almost insoluble in acids. 

Alumina is a colorless, insipid, and insoluble powder, without action upon 
vegetable blues. It does not set free oxide of silver from a solution of 
nitrate ; and when diffused in water, it produces no change of color with 
sulphuretted hydrogen and a solution of nitro-prusside of sodium. Its 
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specific gravity is 2 ; but after exposure to an intense heat, about 4. By 
the oxyhydrogen blowpipe it may be fused into a colorless globule. It has 
a strong attraction for moisture, which it rapidly absorbs from humid air, to 
the amount of one-third of its weight. When mixed with water, alumina is 
characterized by the plasticity of the mixture ; and if the paste be dried in 
the air, and then heated, it shrinks considerably in consequence of the loss 
of water. Alumina has a strong affinity for various organic compounds, and 
its use in the arts of dyeing and calico-printing depends upon its attraction 
for different coloring-principles, and for ligneous fibre. If ammonia be added 
to a solution of alum in infusion of cochineal, or of madder, the alumina falls 
in combination with the coloring-matter, and the supernatant liquor remains 
colorless. Colors thus prepared are called Lahes. 

Moist alumina is readily soluble in most of the concentrated acids ; but 
after the expulsion of its water by heat, it is more difficultly dissolved, or 
even insoluble. It is sparingly soluble (when moist) in caustic ammonia ; but 
potassa and soda readily dissolve it ; it is also soluble, to a small extent, in 
the aqueous solutions of baryta and strontia. The fixed alkaline solutions 
of alumina are decomposed by the acids, and by ammoniacal salts. 

Alumina, like other sesquioxides, is a comparatively feeble base •, none of 
its salts are, in fact, neutral, but have an acid reaction ; and in respect to 
the more powerful basic oxides, it has been represented as performing the 
part of an acid, so that such compounds have been termed Aluminates, 
Many of these combinations exist native. 

Alumina is recognized by its solubility in caustic pofassa ; by the forma- 
tion of octahedral crystals of alum on evaporating its sulphuric solution with 
the addition of sulphate of potassa ; by the astringent sweetness of this 
sulphate ; and by the blue color which it affords when moistened with nitrate 
of cobalt and strongly heated. 

Native alumina may be said to constitute the sapphire, which occurs either 
colorless or pale-blue, is extremely hard, and occasionally crystallized ; its 
specific gravity is about 3 "5. The oriental ruhy and the oriental topaz are 
red and yellow varieties of sapphire. Corundum, adamantine spar, and 
emery, also consist chiefly of alumina, with less than 2 per cent, of oxide of 
iron, and a trace of silica : the specific gravity of corundum is about 4. All 
these substances are extremely hard, being, in that respect, second only to 
diamond. 

Hydrates oe Alumina. — Alumina, precipitated from its solutions, and 
dried at between tO^ and 80°, retains about 60 per cent, of v^ater; "but its 
physical characters vary, dependent upon the strength of the solution from 
which it is precipitated. When thrown down from a saturated solution of 
alum, it is pulverulent; but from a dilute solution, gelatinous: the pulveru- 
lent hydrate loses its water at a red heat. Diaspore and Gihhsite are native 
hydrates of alumina. 

Chloride of Aluminum (Al^Clg).-— This compound is obtained as fol- 
lows : Alumina is mixed into a paste with powdered charcoal, oil, and sugar, 
and this is heated in a covered crucible till the organic matter is decom- 
posed: an intimate mixture of the alumina with charcoal is thus obtained, 
which is introduced, \^hilst hot, into a porcelain tube, placed in a convenient 
furnace *, dried chlorine is then passed through it into a receiver attached to 
the other end of the tube, and the air being thus expelled, the tube is heated 
red-hot, and chlorine gradually passed into it ; carbonic oxide is disengaged, 
and chloride of aluminum formed, which chiefly collects within the tube, and 
ultimately plugs it up. It is a crystalline translucent substance, of the color 
of chlorine; it fumes and deliquesces when exposed to air ; it is energetically 
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acted upon by water, and is very soluble in alcohol ; it may be preserved in 
naphtha. When a solution of alumina in hydrochloric acid is evaporated, a 
deliquescent hydrated chloride remains, which at a higher temperature 
evolves hydrochloric acid and leaves alumina. 

Sulphate of Alumina (AlaOgjSSOg) is formed by digesting hydrate of 
alumina in sulphuric acid diluted with an equal bulk of water ; the solution 
is evaporated and alcohol added, which throws down the tersulphate. It 
dissolves in 2 parts of water, and forms small lamellar crystals, of a sweet 
and astringent taste, which include 18 atoms of water. When excess of hy- 
drated alumina is boiled in the diluted acid, and the solution filtered, and 
evaporated in vacuo over sulphuric acid, it congeals into a soft, white, semi- 
transparent mass, which may be dried on blotting paper, and is not altered 
by the air. 

Basio Sulphate op Alumina (Al203,S03,9E[0).— -When ammonia is 
added to a solution of sulphate of alumina, a white powder falls, which is 
not decomposed by excess of ammonia, and which, when well washed and 
carefully dried, has the above formula. It exists native, forming the mine- 
ral called aluminite. 

Sulphate of Alumina and Potassa ; Common Alum ; Potassa-Alum 
(KOjSOg; Al2,03,3S03; 24HO). — This useful salt is manufactured upon an 
extensive scale. Aluminous slater or shale, which is an argillaceous slaty 
rock containing sulphide of iron, is roasted so as to oxidize the iron and 
acidify the sulphur; on lixiviating the roasted ore, a sulphate of alumina is 
obtained, which, with the addition of sulphate of potassa, yields alum. The 
shales or wastes of old coal mines, which fall down in a decomposing state, 
yield, on lixiviation, especially after prolonged exposure to air and moisture, 
considerable quantities of sulphate of alumina and sulphate of iron ; the so- 
lution of these salts is evaporated, and, when sufficiently concentrated, is run 
out into coolers, where the sulphate of iron crystallizes, and the sulphate of 
alumina, being more soluble, remains in the mother-liquors. To these, when 
heated, sulphate, or chloride of potassium is added, and they then yield 
crystals of alum, not at first pure, but rendered so, and obtained in beauti- 
fully-perfect octahedra, by recrystallization. When chloride of potassium is 
used, it decomposes the sulphate of iron of the alum-liquors, forming chloride 
of iron and sulphate of potassa ; the latter salt goes to the formation of alum, 
leaving the chloride of iron in solution. There are other methods of manu- 
facturing alum, such as by the decomposition of clay by sulphuric acid, and 
by the lixiviation of certain alum stones, as they are called, which are pro- 
ducts of the joint action of sulphurous acid and oxygen upon volcanic rocks 
containing alumina and potassa. 

Ordinary alum has a sweet and astringent taste, accompanied by some 
degree of acidity ; its sp. gr. is 1*T2 : it reddens vegetable blues : it dissolves 
in about 16 parts of cold water, and in less than its weight of boiling water. 
The crystals are permanent in the air, or only very slightly efflorescent in a 
dry atmosphere; when heated, they fuse in their water of crystallization, and 
when this is expelled the dry alum becomes opaque and spongy, and in this 
state is termed roche alum, or burnt alum. At a temperature of 140^, alum 
gradually loses 18 atoms of its water of crystallization. When long retained 
in fusion it loses 18*95 per cent, of water, and ultimately forms a vitreous 
mass, which retains 14 atoms of water : if in this state it be kept at a tempera- 
ture of 248^ for 12 hours, the loss of water amounts to about 38 per cent, 
and it forms a porous mass retaining 5 atoms of water ; it then remains un- 
changed up to 320^ ; but at 356 it sustains a farther loss of water, amount- 
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ing on the whole to 43 '5 per cent., so that the residue only retains one atom 
of water, which is not expelled under a temperature approaching to redness. 
Anhydrous alum gradually absorbs water from the atmosphere. When 
freshly prepared, and put into water, it appears almost insoluble, and re- 
mains for a long time nearly unchanged ; but if previously exposed to the 
atmosphere, it dissolves more readily. At a red-heat, alum first loses that 
portion of its acid belonging to the alumina, and ultimately the sulphate of 
potassa is itself decomposed under the influence of the alumina, which com- 
bines with the potassa and displaces the sulphuric acid. 

Cubic Alum. — If the quantity of carbonate of soda necessary to neutral- 
ize a portion of alum, be divided into three equal portions, and added in a 
gradual manner to the aluminous solution, it will be found that the akimina 
first precipitated is redissolved upon stirring, and that no permanent precipi- 
tate is produced till nearly 2 parts of alkaline carbonate are added. It is in 
the condition of this partially-neutralized solution that alum is generally 
applied as a mordant. When this solution is concentrated, alum crystallizes 
from it, generally in the cubic form, and the excess of alumina is precipitated. 

Alum is a salt of extensive use in the arts, especially for the preparation 
of mordants employed by the dyer and calico-printer ; it is also employed in 
preparing and preserving skins ; in pharmacy it is used as an astringent and 
a styptic. 

Potassa is not easily discovered in potassa-alum until the alumina has been 
removed. Thus neither fluosilicic acid nor tartaric acid will precipitate 
potassa from a concentrated solution ; and chloride of platinum produces 
after a time only a slight turbidness. Potassa-alum may, however, be easily 
identified by the lilac color given to flame when a small portion of the 
powder is heated beyond fusion on fine platinum wire ; soda-alum gives under 
the same circumstances a yellow color ; and ammonia-alum, if free from these 
two bases, imparts no color to flame. 

Homberg^s Pyrophorus. — When potassa-alum is ignited with charcoal, a 
spontaneously-inflammable compound results, which has long been known 
under the name of Homherg^s pyrophorus. The potassa is decomposed in 
this process, as well as the acid of the alum ; the pyrophorus is probably a 
compound of sulphur, charcoal, potassium, and aluminum. 

Sulphate op Alumina and Ammonia. Ammonia- Alum (jSrH40,S03; 
AlgOgjSSOg ; 24HO). — This salt is obtained exactly as the preceding, only 
suliohate of aimnonia is substituted for sulphate of potassa : its atomic con- 
stitution also resembles that of potassa-alum ; and it is so similar in other 
respects, that, as far as mere appearance and more obvious properties are 
concerned, the two salts are not readily distinguished. It is recognized by 
evolving ammonia, when triturated with lime or potassa. This variety of 
alum is manufactured on a large scale with the sulphate of ammonia derived 
from gas-works. When heated it loses water, then ammonia, and at a very 
high heat, its acid, the residue being pure alumina. 

Sulphate op Alumina and Soda. Soda- Alum (NaO,S03 ; Al^jOgjSSOg-, 
24HO). This salt is formed when the sulphate of potassa of common alum 
is replaced by sulphate of soda ; it crystallizes in octahedra, which are less 
hard, smooth, and regular, than those of potassa-alum; they effloresce in dry 
air, and at 110^ to 120° become opaque and gradually lose their water of 
crystallization, the whole of which is expelled at a red heat. They dissolve 
in 2"14 of water at 55°, and in their own weight at 212°. 

The three alums are isoraorphous, and the bases may replace each other 
without altering the crystalline form. So the alumina may be replaced by 
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isomorphous oxides— e. g, the sesquioxides of iron, chromium, and manga- 
nese ; hence the following may be taken as a general formula for the alums : 
KO(NH,0,iSraO,C8eO,RbO)S03,Al,03(Fe,03,Cr,03M:n,03)3S03,24HO. (p. 

3Y).. 

Sulphate op Alumina and Lithia. Lithia-Alum (LiO,S03;A]303, 
3SO3 ; 24HO). — When an aqueous solution of sulphate of lithia and sulphate 
of alumina is subjected to spontaneous evaporation at a temperature not 
exceeding 52°, it yields octahedral and rhombic dodecahedral crystals soluble 
in 24 parts of cold, and 0*8^ of boiling water. 

The new alkalies, ccesia and ruhidia also form alums with sulphate of alu- 
mina, similar in constitution and form to potassa-alum. 

Phosphates oe Alumina.— Common phosphate of soda gives a gelatinous 
precipitate with solution of alum, which drives into a white insipid powder, 
insoluble in water, and In solution of sal-ammoniac, but soluble in acids and 
in solution of potassa. The mineral known under the name of WavelUte is a 
hydrated phosphate of Alumina^ SAlgOg; 2P05,12PIO. Turquois or Galaite 
is a phosphate of alumina=2(Al203)P65+5HO, colored by oxide of copper. 
Amhligonite is a phosphate of alumina and lithia, and Laziilite contains phos- 
phate of alumina with phosphate of. iron. 

Alumina does not combine with carbonic acid. 

Silicates oe Alumina. — All the varieties of clay are silicates or hydrated 
silicates of alumina ; they are frequently largely mixed with other substances, 
but their important uses in agriculture and the arts are referable to the 
above silicate. Several minerals are definite crystalline silicates, which by 
disintegration or decomposition, contribute to the formation of clay ; com- 
mon felspar is a silicate of alumina and potassa ; AI3O3; 3SiOg + KO,Si03 : 
it is one of the constituents of granite, and some of its varieties crumble, 
when exposed to the joint action of air and water, into a white clay : Corn- 
ish clay, and the Kaolin of China, are clays so formed, and may be repre- 
sented as Al2,03; 3Si03+2HO. Other clays are less pure, from the admix- 
ture of sand, oxide of iron, or carbonate of lime, substances which import- 
antly modify their properties. The varieties of marl are calcareous clays ; 
and the colored clays generally derive their various tints from the oxides of 
iron. The presence of these and some other extraneous matters, renders 
some clays very fusible : the pure aluminous silicates are nearly infusible, but 
when lime, magnesia, or oxide of iron, is present, they become more or less 
fusible or vitrifiable, in proportion to the quantity of these bases present in 
the clay. The varieties of fire-clay used for lining furnaces, and other similar 
purposes, are nearly pure silicates=Al2,03,3SiOg, with mere traces of alka- 
line bases and oxide of iron. The different red and yellow ochres, and holes, 
are mixtures of clay and hydrated peroxide of iron ; some of them contain 
oxide of manganese. Fuller^ earth, used for the capillary absorption of greasy 
matters, is also a porous silicate of alumina. Clay has some remarkable dis- 
tinctive properties ; it exhales a peculiar odor when wetted or breathed upon, 
and when dry and applied to the tongue, it adheres to it, in consequence of 
the rapidity with which it absorbs moisture; it readily absorbs ammonia, and 
many other gases and vapors generated in fertile and manured soils ; hence 
its agricultural value. The important quality of plasticity, upon which the 
manufacture of porcelain and pottery depends, belongs exclusively to alumi- 
nous combinations in their humid state, so that they admit of being turned 
in the lathe or upon the potter's wheel, or of being moulded into the infinite 
variety of useful and ornamental products of the ceramic art. These forms 
are rendered permanent by careful drying, and subsequent exposure to high 
temperatures. 
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Tests for the Salts op Alumina. — These salts have an astringent, sweet, 
and subacid taste, and redden litmus. 1. They are precipitated by potassa 
or soda, but the precipitate is redissolved when the alkalies are added in 
excess, but are again precipitated by hydrochlorate of ammonia. 2. The 
precipitate produced by ammonia is not soluble to any extent in excess of 
that alkali, and it is not dissolved by hydrochlorate of ammonia. 3. The 
carbonates and bicarbonates of potassa, soda, and ammonia, throw down hy- 
drated alumina, with the escape of carbonic acid, and the precipitate is 
nearly insoluble in an excess of the precipitants. 4. Sulphate of potassa, 
with a little sulphuric acid, added to an acid solution of alumina, deposits, 
by concentration, a crystalline compound, which is alum. 5. Phosphate of 
soda produces a flocculent precipitate of phosphate of alumina. 6. When 
aluminous substances are heated by the blowpipe with nitrate of cobalt, they 
acquire a blue color, which is only distinctly seen by daylight after the mix- 
ture has cooled. T. Hydrosulphate of ammonia gives a precipitate which is 
gelatinous hydrate of alumina — sulphuretted hydrogen being set free. This 
result is owing to the action of ammonia — as sulphuretted hydrogen produces 
no precipitate (of sulphide) in the solutions. The gelatinous hydrate is 
readily dissolved by a solution of potassa. This test serves to distinguish 
a solution of alum from one of magnesia, since unless the hydrosulphate 
contain free ammonia, it wall give no precipitate with a salt of magnesia. If 
a precipitate is formed (by reason of the presence of ammonia) it is recog- 
nized as hydrate of magnesia by its being dissolved by hydrochlorate o 
ammonia. Hydrate of alumina is insoluble in this liquid. Ferrocyanide of 
potassium has no action upon a salt of alumina. 

Pottery and Porcelain.— The better kind o^ pottery^ called in this country 
Staffordshire ware, is made of a mixture of alumina and silica ; the former 
obtained in the form of a fine clay, from Devonshire chiefly, and the latter, 
consisting of chert or flint, heated red-hot, quenched in water, and then re- 
duced to powder. Each material, carefully powdered and sifted, is diffused 
through water, mixed by measure, and brought to a due consistency by eva- 
poration : it is then highly plastic, and may be formed upon the potter^s 
wheel and lathe in circular vessels, or moulded into other forms, which, after 
having been dried in a warm room, are inclosed in baked clay cases, called 
seggars ; these are ranged in a kiln so as nearly to fill it, leaving only space 
enough for the fuel ; here the ware is kept red hot for a considerable time, 
and thus brought to the state of biscuit. This is afterwards glazed, which 
is done by dipping the biscuit-ware into a tub containing a mixture of about 
60 parts of litharge, 10 of clay, and 20 of ground flint, diffused in water to 
a creamy consistence, so that when taken out, enough adheres to the piece 
to give an uniform glazing when again heated. The pieces are then again 
packed up in the seggars, with small bits of pottery interposed between 
each, and fired in a kiln as before. The glazing-mixture fuses at a moderate 
heat, and gives an uniform glossy coating, which finishes the process when 
it is intended for common white ware. The presence of lead in glazes is often 
objectionable, and may be dispensed with by using borax, which, however, 
is too expensive for common use. 100 parts of silica, 80 pearlash, 10 nitre, 
and 20 lime, fused, and then finely powdered, form a good glaze. 

Glazed cast-iron vessels for culinary and other purposes are manufactured, 
in which the absence of lead in the glaze is important : those manufactured 
at Wolverhampton are glazed with a mixture of borax, potter's clay, 
and pulverized flints, to which powdered plate, or crown glass (free from 
lead), and a little carbonate of soda, are added. These ingredients are 
fused together; and the mass, reduced to a fine powder, is mixed with water 
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and applied to the clean surface of the iron, upon which it is dried, and 
vitrified by exposure to heat in a mufile. 

The patterns upon ordinary earthenware, which are chiefly in blue, in con- 
sequence of the facility of applying cobalt, are generally first printed off upon 
paper, which is applied to the plate, or other article, while in the state of 
biscuit ; the color adheres permanently to the surface when heat is properly 
applied. In the manufacture o^ porcelain, the materials are so selected that 
the compound shall remain perfectly white after exposure to heat, endure a 
high temperature without fusing, and at the same time acquire a semivitreous 
texture, and a peculiar translucency and toughness. These qualities are 
united in some of the Oriental porcelain, or China, and of the French, Eng- 
lish, and German porcelain. The Berlin porcelain, so justly esteemed in 
the laboratory, consists of about 11 silica, 24 alumina, 2 potassa, 1-5 pro- 
toxide of iron, and 1"5 lime and magnesia. The colors employed in paint- 
ing, porcelain, are the metallic oxides which are used for coloring glass; 
and in all the more delicate patterns they are laid on with a camel-hair 
pencil, and generally previously mixed with a little oil of spike-lavender or 
of turpentine. " When several colors are used, they often require various 
temperatures for their perfection ; in which case those that bear the highest 
beat are first applied, and subsequently those which are brought out at lower 
temperatures. This art of painting on porcelain, or in enamel, is of the 
most delicate description: much experience and skill are required in it, and 
with every care there are frequent failures. The gilding of porcelain is 
generally performed by applying finely-divided gold mixed up with gum- 
water and borax ; upon the application of heat the gum burns off, and the 
borax vitrifying upon the surface, causes the gold firmly to adhere ; it is 
afterwards burnished. 

Crucibles composed of one part of good clay mixed with three of coarse 
sand, slowly dried and annealed, resist a very high temperature without 
fusion, and generally retain metallic substances ; but when the metals oxi- 
dizd, there are few which do not act upon earthen vessels; and when saline 
fluxes are used, the best of them suffer. Whenever silica and alumina are 
blended, the compound softens, and the vessel loses its shape if exposed to 
a white heat ; this is even the ease with Hessian crucibles. The most re- 
fractory of all vessels are those made entirely of clay, coarsely-powdered 
burned clay being used as a substitute for sand : these resist saline fluxes 
longer than others, and are therefore used for the pots in glass-furnaces. 
Plumbago is a good material for crucibles, and applicable to many purposes ; 
when mixed with clay, it forms a very difficultly fusible compound, and is 
protected from the action of the air at high temperatures. 

Lutes. -^TJnder this term, a variety of compounds are used for securing the 
junctures of vessels, or protecting them from the action of heat. Slips of 
wetted bladder ; linseed meal made into a paste with gum- water ; white of 
egg and quicklime ; glazier's putty, which consists of chalk and linseed oil ; 
and fat lute, composed of pipeclay and drying-oil, are useful for retaining 
vapors ; but to withstand the action of a high temperature earthy compounds 
are required. Loam, or a mixture of clay and sand well beaten into a paste 
and then thinned with water, and applied by a brush in successive layers, to 
retorts, tubes, &c., enables them to bear a high temperature ; if a thick coating 
is required, care should be taken that the cracks are filled up as the lute 
dries ; a little tow mixed with it renders it more permanent. If the lute is 
intended to vitrify, as, for instance, to prevent the porosity of earthenware at 
high temperatures, a portion of borax, or of red-lead, may be mixed with it. 
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GLUGINUM (G = '7). 

Glucinum is obtained by decomposing its chloride by means of sodium. 
It is a gray malleable metal, sp. gr. 2'L Its fusing point is a little below 
that of silver : it is not altered by exposure to air, and is difficult of oxid- 
izement, even in the flame of the blowpipe. 

Oxide of Glucinum, or Glucina (G3O3), was first discovered in the heryl: 
it also exists in the emerald, in euclase, in the chrysoheryl, in flienakite, and in 
a few other rare minerals. It is white, insipid, and insoluble in water ; it has 
no action on vegetable colors ; its specific gravity is 2'91. It dissolves, espe- 
cially in the state of hydrate, in solution of caustic potassa and soda, but 
not in ammonia. It differs from alumina in being soluble, when freshly pre- 
cipitated, in carbonate of ammonia. With the acids it forms saline com- 
pounds of a sweetish astringent taste. From these solutions the carbonates 
of potassa and soda throw it down in the form of a bulky hydrated carbonate. 

Gharacters of the Salts of Glucina. — These salts are astringent and sweet ; 
they are precipitated by the caustic fixed alkalies, and the precipitate is re- 
dissolved by their excess, and sparingly by their carbonates : it is not soluble 
in caustic ammonia, but readily so in carbonate of ammonia, and the oxide 
is again precipitated on boiling the liquid. A characteristic property of 
glucina is, that when a warm solution of it is mixed with a warm solution 
of fluoride of potassium, till a precipitate begins to appear, and the mixture 
is then suffered to cool, a difficultly soluble double salt separates in the form 
of lamellar crystals. Sulphate of glucina does not form a crystallizable 
double salt (like alum) when mixed with sulphate of potassa. 

ZIRCONIUM (Zr=34). 
Zirconium is obtained by acting upon the potassio-fluoride of zirconium 
by potassium at a red heat. When cold the product is thrown into water, and 
the zirconium separates in the form of a black powder, having the appear- 
ance of plumbago. It is difficultly soluble in the acids, with the exception of 
the hydrofluoric, which readily dissolves it, evolving hydrogen. Heated in 
the atmosphere, it burns into zirconia. 

Oxide of Zirconium; Zirconia (Zr^Og) is of rare occurrence, having 
only been found in the Zircon or Jargon, and a few other scarce minerals. 
Zircon, when colorless and transparent, ranks among the gems : when 
colored brown or red, it is termed hyacinth. This mineral contains between 
60 and tO per cent, of zirconia, combined with silica and a little oxide of 
iron. 

Zirconia is obtained by fusing finely powdered zircon with soda, saturating 
the product with hydrochloric acid, evaporating the solution to dryness, 
redissolving in water, and precipitating by excess of ammonia : the precipi- 
tate is then washed, dried, and ignited. 

, Zirconia is a white infusible substance, insoluble in water ; specific gravity 
4'3 : it gives intense luminosity to the blowpipe flame. After having been 
heated to redness it resists the action of the acids, with .the exception of the 
sulphuric. It is insoluble in caustic alkalies. Chloride of Zirconium forms 
efflorescent acicular crystals, soluble in water and in alcohol. 

The Salts of Zirconia have an astringent taste. They are precipitated by 
caustic potassa, and the precipitate is not soluble in excess of the alkali. 
When boiled with sulphate of potassa, a sparingly soluble subsulphate of 
zirconia subsides. Infusion of galls produces in them a yellow precipitate ; 
and phosphate of soda throws down a white phosphate of zirconia. The 
recently precipitated carbonate of zirconia is soluble in excess of bicarbonate 
of ammonia, or of potassa. 
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THORINUM, OR THORIUM (Th = 60). 

By passing a current of dry chlorine over a mixture of thorina and char- 
coal-powder, a crystalline chloride of thorinum is obtained, which is easily 
decomposed by potassium, and the product is thorinum. It is of a gray 
color, metallic lustre, and apparently malleable. It is not oxidized by water, 
but when heated in the air it burns into thorina. It is feebly acted on by 
sulphuric acid, and scarcely by nitric acid ; it is not attacked by the caustic 
alkalies at a boiling heat. Hydrochloric acid dissolves it, with the evolution 
of hydrogen. 

Oxide of Thorinum : Thorina (ThO). — This oxide, hitherto only found 
in a rare Norwegian mineral, Thorite^ is white, and insoluble in the acids, 
with the exception of the sulphuric. When thrown down in the state of 
hydrate it dissolves more readily, and exposed to the air absorbs carbonic acid. 

Thorina is distinguished from the other oxides by the following properties : 
from alumina and glucina, by its insolubility in pure potassa ; from yttria, 
by forming with sulphate of potassa a double salt, which is insoluble in a cold 
saturated solution of sulphate of potassa ; from zirconia, by the circumstance 
that after being precipitated from a hot solution of sulphate of potassa, it is 
almost insoluble in water and the acids. Thorina is precipitated also by 
ferrocyanide of potassium, which does not separate zirconia from its solutions. 
Sulphate of thorina is more soluble in cold than in hot water, so that a cold 
saturated solution becomes turbid when heated, and on cooling, recovers its 
transparency. 

YTTRIUM (Y = 32). 

Yttrium is obtained by decomposing its chloride by potassium : it is gray^ 
brittle, and resists the action of air and water. 

Oxide of Yttrium, or Yttria (YO), was first discovered in Gadolinite, a 
mineral found at Ytterby, in Sweden ; it also occurs in a very few other rare 
minerals. 

ERBIUM. TERBIUM. 

According to Mosander, Yttria is always accompanied by Erhia and Terhia, 
the oxides of two distinct metallic bases. Erbia is pale yellow, and Terbia 
pale red ; but none of these substances have been adequately examined or 
identified. 

CERIUM (Ce==46). 

By hegiting chloride of cerium with potassium, an alloy is obtained which 
evolves hydrogen when put into water, and leaves cerium in the form of a 
gray metallic powder. Heated in the air it burns into an oxide, and it is 
soluble in the weakest acids with the evolution of hydrogen. 

Cerium forms two oxides : the protoxide (CeO), which forms colorless 
salts ; and the sesquioxide (Ce^Og), which forms red salts. Cerium has 
hitherto been found in a few minerals only, and it seems doubtful how far the 
properties ascribed to its oxides and salts, are not more or less dependent 
upon the presence of-other bodies. Its most characteristic salt is the double 
sulphate of cerium and potassa. The oxalate of cerium has been lately 
employed in medicine. 

lanthanum (La=44). 

This metal is associated with Cerium. All its salts are said to be 
colorless. When the oxalate is heated, it leaves a white carbonate, which 
at a higher temperature, is converted into a light brown anhydrous oxide i 
the white hydrated oxide attracts carbonic acid so rapidly, that it can- 
not be completely washed upon a filter without conversion into carbonate. 
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DIDYMIUM (Di = 48). 

Didymium accompanies lanthanum and cerium in the minerals containing 
the latter metal. It appears to form one oxide only, of a brown color ; 
and all its salts are colored, some being pink, others violet. The sul- 
phate and nitrate are rose-colored; the hydrated oxide, carbonate, and 
oxalate are violet, and when ignited leave a dark-brown anhydrous oxide, 
readily soluble in dilute acids, and absorbing carbonic acid from the air. 

The atomic weights attached to these metals are of doubtful accuracy. 
(Watts's Jour, Ghem. Soc, ii. 131.) 



CHAPTEE XXVIII. 

QUALITATIVE ANALYSIS OF THE OXIDES AND SALTS OF 
, THE PRECEDINa METALS. 

The oxides of the metals described in the preceding chapters form three 
well-marked groups. 1. The Alkalies, comprising potassa, soda, lithia, 
csesia, and rubidia, to which may be added ammonia, the chemical characters 
of which have been considered on page 167. 2. Alkaline earths, baryta, 
strontia, lime, and magnesia ; and 3. The Earths, of which only one is 
selected as a type of the others, namely, alumina. 

The bases comprised in these three groups, whether in acid or neutral 
solutions, are not precipitated by a current of sulphuretted gas. One of 
them, alumina, is precipitated from its solution as hydrated oxide by a 
solution of sulphide of ammonium. 

1. The Alkalies. -^Thx^ name is applied to the oxides of those metals 
which are soluble in water and alcohol; they are marked by the following 
characters: 1. They have an acrid caustic taste. 2. They are corrosive to 
orgwnc matter. 3. They neutralize acids, and form salts. 4. They com- 
bii^e mth the oily acids to form soaps. 5. They exert a peculiar action on 
vegetable colors. As it is by the last-mentioned character that their pre- 
sence is commonly recognized in analysis, it may be stated that an alkali 
restores the blue color to red litmus ; that it renders blue infusion of 
cabbage green, and yellow tincture of turmeric red-brown. Blue litmus-, 
paper reddened by a weak acid, turmeric-paper, or rose-paper (paper impreg- 
nated with a strong infusion of red roses), may be employed in the preliminary 
testing for alkalies. Well made rose-paper is nearly colorless, and it 
acquires a bright green color as the result of the action of a diluted alkali. 
If the alkaline solution is concentrated, the coloring matter is destroyed, 
and the rose-paper acquires a brownish-yellow tint. Blue infusion of 
cabbage, the method of preparing which has been elsewhere described (p. 
10), is admirably adapted for a test-liquid. It acquires a red color from an 
acid solution, a green color from an alkaline solution, and it remains blue if 
the solution is neutral. The nitro-prusside of sodium is also a delicate test 
of alkalinity in a liquid. In order to employ it, a small quantity of sul- 
phuretted hydrogen is passed into the suspected solution, and a few drops 
of nitro-prusside of sodium are added. A magnificent rose, purple, blue, or 
crimson color speedily manifests itself, according to the strength of the 
alkaline solution. The color soon disappears. This test thus indicates 
alkalinity in weak solutions of the phosphates, borates, carbonates, and even 
among the least soluble oxides, such as lime and magnesia (p. 335). 
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2. The Alkaline ^ar^^5. —These oxides have the general properties of 
alkalies, but they are specially marked by the following characters: 1. They 
are insoluble in alcohol, and much less soluble in water than the alkalies: 
one of them (magnesia) is nearly insoluble in water. 2. They form insolu- 
ble compounds with carbonic aud phosphoric acids. 

3. The ^ar^^5.— These oxides differ from the two preceding groups, 
in the following points : .They are white tasteless powders. 2. They have 
no alkaline reaction. 3. They are insoluble in water and alcohol. 4. As 
hydrates, they combine with acids and alkalies to forms salts ; and 5. Their 
oxides are not reducible at a red heat by hydrogen or carbon. 

Acids, as contrasted with alkalies, have the property of rendering vege- 
table blues (litmus and cabbage) red. They neutralize alkalies and form 
salts. They exist in the gaseous, liquid, and solid state, sometimes soluble 
in water, at other times only sparingly so, as the boracic and arsenious 
acids ; and in some instances quite insoluble, as calcined silicic acid. Those 
which are soluble are characterized by a sour taste, and sometimes by a 
strongly corrosive action on organic matter. Those only which are dis- 
solved by water redden blue litmus-paper ; this is the indication of acidity 
on which a chemist chiefly relies. The tests for the principal acids have 
been already described in the first part of the work. 

Under each of the metals in the preceding chapters, the tests for its 
saline combinations have been given in detail. It will now therefore only 
be necessary to select a few of the more important of these tests, in order to 
show how the presence of a base belonging to one of the three groups of 
oxides, may be determined. 

In this summary, we include among the alkalies, ammonia. Althou^gh 
not an oxide (page 168), it bears in its chemical properties the strongest 
analogies to potavSsa and soda, which are oxides of metals. Among the 
earthy bases, we select alumina as the only one which will probably present 
itself in the ordinary course of analysis. 

The bases selected will be therefore the following : potassa (KG), soda 
(jSTaO), ammonia (NHg), lithia (LiO), baryta (BaO), strontia (SrO), lime 
(CaO), magnesia (Mg()), and alumina (Al^Og). It will be necessary to con- 
sider them (1) in the uncomhined or free state, as bases ; and (2) in the com- 
lined or saline state, as salts. The elements, radicals, and acids with which 
the metals or their oxides are supposed to be combined, have been already 
described in the chapters on the Metalloids ; and to these the reader is re- 
ferred for a description of the characters of each class of salts, in so far as 
they depend on the acid. 

Bases.— Out of the nine bases selected, three may be at once recognized : 
ammonia by its odor and volatile reaction ; and magnesia and alumina by 
their insolubility in water. The two latter may be dissolved in hydrochloric 
or sulphuric acid with certain precautions,, converted into salts, and tested 
as such, in the combined state ; but when uncombined they are easily distin- 
guished by a solution of nitrate of silver. Magnesia separates the brown 
oxide of silver, while alumina has no effect upon the solution of nitrate. If 
the bases are diffused in water, and to each of them a small quantity of sul- 
phuretted hydrogen and nitro-prusside of sodium are added, the magnesia 
imparts a pale rose-color to the liquid, and the alumina produces no change 
whatever. 

In the following table, P signifies precipitated, and D dissolved. 

If the oxides are presented in a solid form, their physical properties will 
serve in a great measure to identify them. It may be assumed, however, 
that they are dissolved in water. In this case the solution will have a strong 
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alJmline reaction^ and nitrate of silver will give with all of them a precipitate 
of hrown oxide of silver. 



Not P. by Carbonate of Potassa. 



P. by Carbonate of Potassa. 



KO 



NaO 



LiO 



BaO 



SrO 



P. by chloride of 
platinum. 






Not P. by chloride of 
platinum. 



P. by sulphuric 

acid. 

Rapidly. Slowly. 



CaO 

Not P. by sul- 
phuric acid. 



Lilac. Yellow. Crimson. 



Oxalic Acid. 



BaO 



SrO 



CaO 



P. soluble. P. insoluble. 

^ I I Greenish- Red. 
'o ?rt 1 yellow. 



Orange- 
red. 



Salts.— The following table refers to the qualitative analysis of the solu- 
ble salts of the following bases : KO,NaO,NH3,LiO,BaO,SrO,CaO,MgO, 
AlgOg, Many of these are neutral: some have an acid and others an alkaline 
reaction. All are fixed at a high temperature, excepting those of ammonia; 
hence -an ammoniacal salt is excluded, after the dry residue of evaporation 
has been strongly heated. For the purposes of this analysis, it is assumed 
that the salt is dissolved in water. 



Not P. by Carbonate of Potassa. 



P. by Carbonate of Potassa. 



KO,N 

P. 


aO,NH3, LiO 


BaO,SrO,CaO MgO Al^ 


P. on boiling if 
concentrated. 

by Chloride of Platinum. 


D.byNH^Cl. D. by KO. 
Not D. by Not D. by 
KO. NH^Ci. 

Sulphate of Lime. 


KO NH3 


BaO SrO CaO 


1. Salts fixed by 1. Salts volatile. 

heat. 

2. Lilac flame to 2. Boiled with KO, 

alcohol. ammonia evolved. 


Precipitated. Not P. 
Chromate of Potassa. 


Not P. by Chloride of Platinum. 


BaO SrO CaO 


NaO LiO 


P. P. only if Not P. 
concentrated. 

Oxalic Acid. 


Not P. by alkaline P. by alkaline 
phosphate and phosphate and 


boiling. 


BaO SrO CaO 


Color tc 
flame oi 
alcohol 


Yellow. Crimson. 


Not P. Precipitated. 
Hyposulphite of Lime. 




BaO SrO CaO 




P. ' Not precipitated. 
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Solution of Ammonia. 



BaO SrO CaO MgO 





Not precipitated. 


3^^ 


r 


^ o 

- CD ^ 


J Greenish- Red. Orange- 


^1° 

'3 C3 r-H 


yellow, red. 


s^ ^ 


L 



Precipitated. 
P. soluble in P. insoluble in 

cMor. clilor. 

ammonium. ammonium. 

NotD.byKO. D. byKO. 



The salts of magnesia and alumina impart no color to the flame of alcohol. 
When strongly heated in the blowpipe flame with a solution of nitrate of 
cobalt, magnesia acquires a pale-red color, and alumina a bright-blue color. 
In the compound sulphates of magnesia and alumina with potassa and soda, 
the peculiar colors given by these alkalies to flame announce their presence. 

It will be observed, in considering these groups, that the alkalies are linked 
to the alkaline earths by lithia, and the alkaline earths to the earths by mag- 
nesia. Thus carbonate of lithia may be precipitated from the concentrated 
solutions of that alkali by carbonate of potassa or soda ; but the carbonate 
of lithia is at the same time sufficiently soluble in water to throw down car- 
bonates of baryta, strontia, and lime from the salts of these bases. The 
phosphate of lithia occupies also this intermediate position, in respect to 
solubility. Magnesium and its oxide (magnesia) approach closely to alumi- 
num and alumina in properties. Magnesium is not oxidized by exposure to 
air : it does not decompose water. It forms one oxide, which is nearly 
insoluble in water. Its salts are precipitated by ammonia and lime-water. 
No sulphide of the metal can be obtained by boiling its oxide with sulphur, 
and no chloride by digesting its oxide in hydrochloric acid, and evaporating 
to dryness. In these respects the resemblances to alumina, and the differ- 
ences from the bases with which magnesia is usually associated, are very 
remarkable. 

In dealing with a mixture of the salts of the first and second groups, car- 
bonate of ammonia may be selected as the precipitant. If. this reagent, 
mixed with a small quantity of ammonia and chloride of ammonium, is added 
to the liquid, and the liquid is warmed, baryta, strontia, and lime only 
will be precipitated. The filtrate will contain potassa, soda, and magnesia. 
The latter may be precipitated by adding phosphate of ammonia. When 
this is separated by filtration, potassa and soda will remain in the filtrate. 
This is evaporated to dryness, and sharply heated : all the surplus ammoniacal 
salts are driven off, and salts of potassa and soda only remain for subsequent 
testing. The base of the third group (alumina) is precipitated with the 
alkaline earths by carbonate of ammonia. Alumina may be removed from 
the alkaline earthy carbonates by a solution of potassa. 



CHAPTER XXIX. 

IRON (re=28). 

Iron is found largely diffused in the state of oxides and carbonates ; it is 
also found combined with sulphur, and with several acids, and is a common 
component of many minerals. It occurs in small quantity in some animal 
and vegetable bodies, and mineral waters, and it forms the principal compo- 
nent of many meteoric stones. (See Nickel.) 
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Manufacture of Iron. — The argillaceous iron ore of the coal-measures is 
the principal source of British iron. It occurs in nodules and seams, alter- 
nating with coal, shale, and limestone, and contains from tO to 80 per cent. 
of carbonate of iron, the remainder being chiefly clay and carbonate of lime. 
It is first roasted, either in kilns or heaps, and, mixed with coke and lime- 
stone, is subjected to the intense heat of the blast-furnace ; these materials 
being successively thrown in from the top, and gradually descending till they 
reach the lower or hottest part. In their descent the iron is reduced, and in 
combination with a portion of carbon, falls through the fused slags to the 
bottom of the furnace, whence it is withdrawn at intervals, by opening the 
tap-hole, while the slags are allowed to run off by an aperture left for the 
purpose: they consist chiefly of the silicates of lime and alumina, with 
smaller proportions of the silicates of magnesia, manganese, and iron. 

The smelting furnaces are usually about 50 feet high, and 15 feet in the 
widest part of their internal diameter; they are constructed of strong 
masonry and brickwork, and lined with the most refractory fire-stone. They 
are worked day and night for several successive years, air being supplied to 
them by powerful blowing machines, generally so constructed as to throw it 
in in a heated state, or as a hot blast ^ and to the amount of about six tons 
weight per hour. It is estimated that by the use of hot instead of cold air, 
a very large saving of fuel is effected. With the cold blast, about eight tons 
of coal are consumed in the production of a ton of iron ; whereas with the 
hot blast, less than three tons are sufficient, and with it, coal may be substi- 
tuted for coke. These furnaces are usually tapped night and morning, 
furnishing from eight to ten tons of metal daily, and requiring an hourly 
supply of about a ton and a half of the mixture of roasted ore, limestone, 
and coal or coke. The melted metal is suffered to run into rough moulds 
of sand, and in this state constitutes the cast or pig iron of commerce. 

There are several varieties of cast iron, but they are commercially dis- 
tinguished as 1. gray, 2. mottled, and 3. white. They are all carbides, and 
the gray and mottled varieties include a portion of graphite diffused through 
them, which remains undissolved and unchanged after the action of dilute 
sulphuric acid, and, whilst the greater part of the combined carbon unites 
to the hydrogen, forming hydrocarbons. Cast iron also contains silicon, 
phosphorus, manganese, and traces of calcium, aluminum, and sulphur. 

Gray cast iron is soft and somewhat tough ; it admits of being bored, and 
turned in the lathe. When immersed in dilute hydrochloric acid it leaves a 
black insoluble residue ; its texture resembles bundles of small needles. 
Mottled iron is coarser grained, and small particles of graphitic carbon may 
be discerned in its fracture. White cast iron is very hard and brittle ; acids 
act but slowly upon it, and develop a lamellar rather than a radiated tex- 
ture : it sometimes contains as much as 5 per cent, of carbon, so that it 
is nearly represented by Fe^C, and may be regarded as iron saturated with 
carbon. 

When small articles of cast iron are bedded in oxide of iron (powdered 
haematite is generally used), and kept for some hours at a red heat, they are 
to a great extent decarbonized^ and so far softened as to resemble wrought 
iron, especially when they are slowly cooled. In this operation the carbon 
of the bar of cast iron appears to be gradually removed, in the form of car- 
bonic oxide, at the expense of a part of the oxygen of the oxide in which 
they are imbedded. 

Wrought, or malleable iron is the metal in a comparatively pure state, 

though it retains traces of carbon and of some of the other impurities of 

cast iron. To effect the conversion of cast into wrought iron, the cast metal 

is in the first instance refined^ by subjecting it to the action of air at a very 

23 
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high temperature, in a kind of forge furnace ; much of the carbon is thus 
burned off ; and the silicon, converted into silica, forms a fusible slag with 
the oxide of iron, which tends to the further purification of the mass. The 
fused metal is then run off, and formed into cakes, which are rapidly cooled 
by the affusion of water. The silicate of iron formed in this process is 
partly derived from the rough cast iron, and partly from added sand ; it 
approaches the composition 3(FeO)Si03, and itself performs a part, in 
cleansing the metal, by acting as an oxidizing agent. The further, and final 
purification of the metal, is effected by a process cMed puddling, carried on 
in a reverberatory furnace, which admits of the fusion of the refined iron by 
a current of intensely heated air and flame, without direct contact with the 
fuel ; here the metal is well stirred, so that the superficial oxide may be 
mixed in the mass, which soon begins to heave and emit jets of carbonic 
oxide, and gradually growing tough and less fusible, becomes at length pul- 
verulent ; the fire is then urged so that the particles again agglutinate at a 
welding-heat, and admit of being made up into globular masses, or blooms^ 
and in that state of intense heat are subjected to the shingling -press ^ or to 
rollers by which extraneous matters are squeezed out in the form of slag, and 
the density of the metal increased ; it now admits of being rolled into bars, 
which are cut into convenient lengths, placed in parcels in a very hot rever- 
beratory furnace, and again rolled. The metal is now tough, flexible, and 
malleable, but less fusible, and is, in fact, nearly pure, retaining not more 
than one two-hundredth part of carbon, and mere traces of other matters. 

The slags formed in the operations of refining and puddling, containing 
about 60 per cent, of iron, are reduced in the blast furnace, in the same way 
as the original ore, but the iron so produced is coldshort ; it admits of work- 
ing at a red-heat, but is brittle when cold, a quality supposed to depend upon 
the presence of phosphide of iron, derived from phosphate of iron existing in 
the slag. Iron is also occasionally red short, that is, brittle at a red heat, 
though malleable when cold ; this quality has been ascribed to traces of 
arsenic and copper. 

The quantity of cast iron annually manufactured in Great Britain is of 
course liable to considerable fluctuation, but it may be estimated at an average 
of about 3,000,000 tons. 

Properties. — Iron is fusible at a white heat, but with great difficulty when 
perfectly pure. It requires the highest heat of a wind-furnace to run down 
soft iron nails into a button, and therefore a temperature equal to about 
3300^. Its sp. gr. is T'S. Its texture varies with the method of working ; 
in bars or wires it appears longitudinally fibrous, but when long kept at a 
red heat it acquires a crystalline texture, and a tendency to cuboidal frac- 
ture. It is the hardest and toughest of the ductile metals ; it may be drawn 
into fine wire, but cannot be hammered out into thin leaves ; it is very tena- 
cious ; and at a bright-red or orange heat it admits of being welded, or 
joined by hammering, to another piece of the red-hot metal. It is attracted 
by the magnet, but does not retain magnetism when pure ; at a bright-red 
heat it becomes indifferent to it, but reacquires this property on cooling. 

To obtain pure iron, filings of the best bar-iron are mixed with about one- 
fifth their weight of pure peroxide of iron, and exposed (covered with 
pounded glass quite free from lead) in a well-closed crucible, for about an 
hour, to the strongest heat of a forge. Exposed to heat and air, iron be- 
comes superficially converted into a fusible oxide ; when exposed to a damp 
atmosphere, it becomes incrusted by a brown rust. When in a state of 
extreme division its affinity for oxygen is such, that it heats, and even 
ignites, on exposure to air ; this is the case with the metal as obtained by 
the action of hydrogen upon red-hot oxide of iron, and when thus reduced, 
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at a temperature not sufficient to cause the adhesion of the particles of the 
metal, and suffered to cool in an atmosphere of hydrogen, it requires the same 
precautions for its preservation as potassium. A spontaneously combustible 
form of iron is also obtained by the ignition of Prussian blue. In a dense 
mass, iron is not affected by dry air, and it even retains its polish when im- 
mersed in pure water which has been deprived of air ; but in common water, 
or in water exposed to air, it soon rusts. This oxidizement by water is pre- 
vented by the alkalies j and in lime-water, or in a weak solution of ammonia, 
potassa, or soda, the metal keeps its lustre. 

Oxides of Iron, — Iron is susceptible of four definite degrees of oxidize- 
ment — forming dt> protoxide (FeO), which has not been isolated, but which is 
the bases of a series of well-defined salts ; a sesquioxide (FeaOg,), generally 
termed red oxide or peroxide ; a hlach intermediate oxide, known also under 
the name of magnetic oxide (FCgO^) ; and a hyperoxide^ called ferric acid 
(FeOg), but which, like the protoxide, has not been isolated. 

Protoxide of Iron ; Ferrous Oxide (FeO).— -When a solution of potassa 
is added to a solution of a pure protosalt of iron, every precaution being 
taken to exclude oxygen, a white precipitate falls, which is a hydrated prot- 
oxide; it is difficult to wash and dry it under entire exclusion of air; but 
when this is done, it is pale green, not magnetic, and absorbs oxygen when 
exposed to air, and is converted into peroxide : it rapidly absorbs carbonic 
acid, and dissolves in the dilute acids. The salts of this oxide, when crystallized 
or hydrated, are mostly greenish-blue ; but white, or nearly so, when anhy- 
drous. In aqueous solution they have an inky taste, and are very prone to 
pass into salts of peroxide. The fixed alkalies throw down this oxide as 
hydrate. With ammonia, only half the oxide is precipitated, and a green 
solution is formed, which, on exposure, becomes covered with a brown film. 
Carbonates of potassa and of soda, and sesquicarbonate of ammonia, throw 
down a white protocarbonate of iron, which soon becomes brown, and which, 
if solution of sal-ammoniac be added, is redissolved. Bicarbonates of potassa 
and soda produce the same precipitate, unless the solution be very dilute, in 
which case the mixture is clear, but deposits protocarbonate of iron if boiled, 
and when exposed to air it gradually lets fall hydrated oxide. The proto- 
salts of iron act as powerful deoxidizers. Nitric acid is decomposed by 
them, and deutoxide of nitrogen is set free, which is dissolved by a portion 
of protosalt, and forms a dark olive-green solution (p. 151). The protosalt 
is at the same time converted into persalt. When added to solutions of 
chloride of gold or nitrate of silver, gold and silver are separated in the 
metallic state. It deoxidizes a solution of permanganate of potassa; hence, 
a standard solution of permanganate is used volumetrically to determine the 
quantity of protoxide in a liquid. 

Sesquioxide of Iron; Peroxide of Iron; Ferric Oxide {Y%0^). — 
When a protosalt of iron is boiled with nitric or nitro-hydrochloric acid, it 
becomes peroxidized, and on adding ammonia a brown hydrated precipitate 
falls, which, when washed and ignited, is the sesquioxide. When protosul- 
phate of iron is decomposed by a very high temperature a red powder re- 
mains, which is also the peroxide, and which was formerly called colcothar^ 
and is used as a red paint, and for polishing glass and metals. The color of 
peroxide of iron varies according to the mode of its formation and the tem- 
perature to which it has been subjected : it is generally a reddish or yellow- 
brown powder, which acquires a darkened hue by a moderate heat, and is 
not magnetic. This oxide is a weak base, or what has sometimes been called 
an indifferent oxide: its salts generally have a brown color and an acid reac- 
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tion ; and, when very dilute, their solutions are deconoposed by boiling, in 
which ease the acid of the salt combines with the water, and the peroxide 
or a basic salt is precipitated. In some cases this oxide acts as an acid. It 
is thrown down from its solutions by ammonia, potassa, and soda, in the form 
of a bulky brown hydrate^ and in this state is easily redissolved by acids ; 
but when it has been dried, and exposed to a full red heat for some time, it 
is difficultly soluble. It is also partly converted into magnetic oxide by 
losing oxygen, 3Fea03=2Fe304+0. The best solvent for this oxide is the 
hydrochloric acid. When dried at 212^ it is 2Fea03+SHO; at 400° it 
becomes FCgOg+HO. A temperature exceeding 500^ is required to drive 
off the whole of the water. When produced under exposure to air, it 
almost always contains traces of ammonia. When precipitated by excess 
of the fixed alkalies, or their carbonates, it carries down a portion of the 
alkali, which cannot be entirely removed by washing ; and if the alkali be 
not in excess, the precipitated oxide is not free from the acid, or from 
a subsalt: hence the necessity of precipitating by excess of ammonia, when 
the resulting hydrated oxide may be deprived, by heat, both of water and 
of excess of the precipitant. When certain organic substances are present 
in solutions of this oxide they prevent its precipitation by the alkalies. This 
is the case with hot solutions of gelatine, starch, gum, and sugar. Tartaric, 
citric, and some other acids, produce the same effect. This oxide of iron is 
reduced by hydrogen at a temperature even below redness. When gently 
heated with charcoal it is converted into magnetic oxide, and at a high tem- 
perature is reduced. 

The salts of this oxide are changed into those of the protoxide by adding 
sulphurous acid or bisulphite of soda, and warming the liquid ; or by adding 
to the warm liquid pure zinc, in which case hydrogen is generated, and the 
persalt is converted into a protosalt. A standard solution of permanganate 
of potassa, which is not affected by a persalt, may be employed volumetri- 
cally, to determine by the discharge of color the amount of protoxide, and 
by calculation of peroxide present. Care should be taken that all the sul- 
phurous acid is expelled from the liquid before adding the solution of per- 
manganate. A current of sulphuretted hydrogen will also reduce the persalts 
to the protosalts, but in this case there is a separation of sulphur. 

Black Oxide of Iron ; Magnetic Oxide of Iron ; Ferrosoferric Oxide 
(FCgO^; or FeO/FCgOg). — This oxide is formed by passing steam over red- 
hot iron. The scales of iron obtained from the smith's forge, the oxide 
formed when iron is burned in oxygen gas, and the black powder formed by 
the action of air on moistened iron filings, and formerly called Martial 
Ethiops, are also allied to this oxide ; but in these the protoxide or peroxide 
may occasionally predominate. A solution of this oxide in hydrochloric 
acid has the properties of the proto and persalts of the metal. 

A hydrate of this oxide may be obtained by dissolving equal weights of 
protosulphate of iron in two separate portions of water, boiling one of them 
with a sufficiency of nitric acid to peroxidize it, and then mixing it with the 
other, and pouring the mixture into a solution of potassa or soda, sufficient 
In quantity and strength to decompose the whole : the precipitate at first 
consists of a mixture of protoxide and peroxide of iron, but when boiled for 
a few minutes they combine, and the black oxide falls in the form of a dense 
crystalline powder, very obedient to the magnet, and readily soluble in hy- 
drochloric and in nitric acid. The salts of this oxide are mixtures of those 
of the two oxides. Magnetic iron ore is a native black oxide. 

Ferric Acid (FeOg). — Ferric acid is only known in combination with 
bases : it is one of those acids which cannot be separated without undergoing 
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decomposition. When sesquioxide of iron is mixed with four parts of nitre, 
and exposed for an hour to a full red-heat in a covered crucible, it forms a 
deliquescent reddish-brown mass, which should be powdered while warm, 
and put into a stopped phial ; this {^ferrate ofpotassa: its solution in water 
has an amethystine tinge so deep as to be nearly opaque, and gradually 
evolves oxygen, and deposits sesquioxide of iron ; this decomposition is im- 
mediate and perfect at 212°. A solution of ferrate of potassa yields red in- 
soluble precipitates in solutions of baryta, strontia, and lime, which are easily 
decomposed by acids. 

Native Oxides of Iron, — These constitute an extensive and important class 
of ores. They vary in color, depending upon mere texture in some cases; 
in others, upon the degree of oxidizement. Some are magnetic, and those 
which contain least oxygen are attracted by the magnet. The following are 
some of their principal mineralogical varieties : 1. Magnetic iron ore, which 
is generally black, with a slight lustre. It occurs massive and octahedral, 
and is often powerfully magnetic; its specific gravity is 4*5. It is abundant 
in Sweden, where it is manufactured into a bar-iron much esteemed for 
making steel. 2. The specular and micaceous iron ore. It is found crystal- 
lized, of singular beauty, in Elba, and occasionally among volcanic products. 
Its specific gravity is 5*0 to 5*2 ; it yields a reddish powder. 3. HcBmatite, 
or red ironstone, occurs in globular and stalactitic masses, having a fibrous 
and diverging structure. It is sometimes cut into instruments used for bur- 
nishing ; its density is 4-8 to 5. It abounds in Lancashire. Sometimes it 
is of a brown, black, or ochraceous color. This, as well as the iron-glance, 
is a sesquioxide, and does not affect the magnet. There are also several va- 
rieties of hydrated peroxide of iron ^ such as the fibrous hsematite, the granular 
and pisiform iron ore, and certain varieties of ochre and umber. 4. A fourth 
variety of oxide of iron is known under the name of Bog ore, found in low 
marshy places, and generally of recent origin. 

Iron and Chlorine. — There are two chlorides of iron, corresponding in 
composition to the protoxide and sesquioxide. 

Protochloride of Iron (FeCl) may be obtained by passing dry hydro- 
chloric acid gas over red-hot iron wire; or by digesting iron filings in hydro- 
chloric acid, in which case, as in the former, hydrogen is set free ; or by 
employing protosulphide of iron instead of metallic iron, when sulphuretted 
hydrogen is evolved ; in both cases a green solution is obtained, which, 
evaporated out of the contact of air, leaves a residue which is to be exposed 
to a red heat. Protochloride of iron is of a gray color, and after fusion 
acquires a foliated crystalline texture ; it is volatile at a high red heat, and 
may be condensed in pale gray crystals. When heated with access of air, 
sesquichloride of iron sublimes, and peroxide of iron remains (6FeCl+30= 
2[Fe2Cl3] + Fe203). When the vapor of water is passed over it at a dull red 
heat, hydrochloric acid and hydrogen are evolved, and black magnetic oxide 
remains : (3FeGl + 4HO=Fe30,+3HCl + H). 

Hydrated Protochloride of Iron. — Dissolved in water free from air, and 
evaporated ^V^ vacuo, this chloride furnishes a crystallizable hydrate. When 
a saturated solution of iron in hydrochloric acid is evaporated, air being 
excluded, it yields blue rhombic crystals, which become green and effloresce 
in dry air, into a white powder. Their formula is reCl,4H0. They are 
soluble in alcohol, and when heated in the air, leave peroxide. 

Perohloride of Iron ; Sesquichloride of Iron (Fe^Clg). — When fine 
iron wire, heated to redness, is introduced into' a bell-jar of chlorine, it burns 
with a lurid red light, and this compound is formed. A mixture of equal 
weights of chloride of calcium and calcined sulphate of iron, heated to red- 
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ness, also affords a sublimate of sesquichloride. Sesquicbloride of iron forms 
brilliant and iridescent brown crystals, volatile at a temperature below 
redness. 

Hydrated Sesquichloride of Iron, — Sesquichloride of iron is deliquescent 
and very soluble in water ; when the solution is evaporated in the air, hydro- 
chloric acid passes off, and peroxide of iron remains. A solution of this 
chloride is obtained by dissolving peroxide of iron in hydrochloric acid ; it 
forms a deep brown liquid, which, when concentrated and exposed to cold, 
yields crystals, the form of which varies with their respective quantities of 
water : when they form acicular and radiating tufts, they include about 40 
per cent, of water, being re3Cl3,12H0; but when they form larger tabular 
crystals, they contain about 22 per cent., and are Feg,Cl3,5HO; these latter 
are best obtained by placing the former over a surface of oil of vitriol under 
a bell-glass ; they deliquesce into a thick fluid, which gradually passes into a 
mass of the crystals coptaining 5 atoms of water. When a current of chlo- 
rine is passed through a solution of protochloride of iron, or when nitric acid 
is gradually added to it when heated, it is converted into sesquichloride. If 
a dilute solution of the protochloride be exposed for some days to the atmo- 
sphere in a tall jar, and a few drops of ammonia be then introduced at dif- 
ferent depths, by means of a glass tube, the precipitate near the surface will 
be green ; a little lower, blue ; still lower, gray ; then of a dirty white ; and, 
at the bottom, quite white, provided the solution has not been so long ex- 
posed as to have become oxidized throughout. The sesquichloride is soluble 
in alcohol and ether. 

Ammonio-chlorides of Iron.— Protochloride of iron absorbs ammonia 
and forms a bulky white powder, which is resolved by water into hydrochlo- 
rate of ammonia and hydrated oxide of iron. If iron filings are boiled in a 
saturated solution of sal-ammoniac, hydrogen and ammonia are evolved, and 
the liquor deposits green crystals of hydrated protochloride of iron and am- 
monia. When sesquichloride of iron is exposed to ammonia it is slowly 
absorbed, and the compound furnishes a clear red solution with water ; it 
contains about 9 per cent, of ammonia, being (NHgjFegClg). A mixed 
solution of sal-ammoniac and sesquichloride of iron evaporated in vacuo 
over oil of vitriol, furnishes brown crystals, which are =(2NH4Cl,Fe2Cl3,2HO). 
When hydrochlorate of ammonia and sesquioxide of iron are mixed and 
heated, a yellow sublimate is obtained, which is the Ferri ammonio-chlori- 
dum of pharmacy. 

Protiodide of Iron (Fel) is formed by digesting iron turnings, or wire, 
with iodine in water, taking care to have excess of metal present ; a green 
solution is obtained, which, by evaporation out of contact of air, leaves a 
gray fusible protiodide of iron. It is soluble in water and alcohol, but the 
solution absorbs oxygen and deposits peroxide, unless metallic iron is pre- 
sent ; so that to preserve it unchanged some pieces of clean iron wire should 
be immersed in it. By careful evaporation in vacuo crystals of a hydrated 
protiodide of iron, including 5 atoms of water, may be obtained. This salt 
is used medicinally, and its oxidation is prevented by mixing it with syrup. 
It is employed in the production of iodide of potassium. There is also a 
Bromide of iron (FeBr). 

Nitrates of Iron. — Protonitrate. — This compound is formed by digesting 
iron filings on very dilute nitric acid (specific gravity 1*1 6). But little gas 
is evolved, and the liquid assumes an olive-brown color from the nitric oxide 
which it contains, but when exposed to the air it becomes pale-green in con- 
sequence of the escape of this gas. Alkalies produce a green precipitate 
in this solution ; the salt cannot be obtained in crystals by the usual process, 
and passes into pernitrate by exposure to air. It may, however, be crystal- 
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lized by evaporation in an exhausted receiver over sulphuric acid ; it then 
forms crystals of a light green color=reO,N05,1HO. When protosulphide 
of iron is dissolved in dilute nitric acid sulphuretted hydrogen escapes, and 
a green solution of protonitrate is obtained, which, when gently heated, 
speedily becomes brown, in consequence of the formation of peroxide. Pro- 
tonitrate of iron is also formed when solutions of protosulphate of iron and 
nitrate of baryta are mixed in atomic proportions. The solution of the neu- 
tral protonitrate is decomposed near the boiling temperature, with the evo- 
lution of nitric oxide, and the abundant precipitation of a subnitrate of the 
peroxide. Iron turnings may be dissolved in cold and highly concentrated 
nitric acid, so as to produce ammonia and protonitrate of iron, without the 
extrication of gas (8Fe,-f-10NO5-|-4HO = 8[FeO,NOJ+NH,O,NO3). 

Pernitrate of Iron; Sesquinitrate of /roTz.— Nitric acid, diluted with a 
little water, acts violently on iron and peroxidizes it ; a large quantity of 
gas is generated, consisting of nitrous and nitric oxides, and a solution is 
formed of a reddish-brown color, containing joerm^raife of iron, and affording 
a brown precipitate with the alkalies. When this solution is evaporated, a 
brown deliquescent mass remains, soluble in water and alcohol ; it is decom- 
posed at a red-heat, and peroxide of iron remains. If this solution be mixed 
with excess of carbonate of potassa, the precipitate at first thrown down is 
redissolved by the alkali, and a deep-brown liquid obtained {Liquor ferri 
alkalini) . 

Passive condition of Iron^ in respect to the action of Nitric Acid. — In or- 
dinary cases nitric acid of the specific gravity 1*35 acts powerfully upon iron, 
but under certain circumstances the metal becomes inert. This state is 
brought about: 1. By slightly oxidizing the extremity of an iron wire by 
holding it in the flame of a spirit-lamp, and when cold dipping it gradually 
into the acid, taking care to introduce the oxidized end first. 2. By dipping 
the end of the wire into strong nitric acid, and washing it in water. 3. By 
first introducing a platinum wire into the acid, and then the iron wire in 
contact with it, which contact may, however, afterwards be broken. 4. An 
iron wire already rendered passive acts as the platinum wire, and renders 
other wires passive in the same way. 

Protosulphide of Iron (FeS). — When sulphur is dropped upon red-hot 
iron wire, or fused with iron filings, a compound is obtained, which, after 
having been heated to expel excess of sulphur, is soluble in dilute sulphuric 
acid, with the evolution of sulphuretted hydrogen, and is a protosulphide of 
iron. So also, when a bar of wrought iron is heated nearly to whiteness, 
and the surface is rubbed with a roll of sulphur, the protosulphide melts 
from the surface of the metal, and may be collected in a vessel of cold water. 
It should be perfectly dried. Protosulphide of iron is of a dark-bronze 
color, and influences the magnet. It is much more fusible than iron j it 
loses no sulphur, even at a white heat, out of contact of air ; when pure, it 
is soluble without residue in dilute acids, with the evolution of sulphuretted 
hydrogen and the formation of a protosalt of iron. It is much employed, 
with diluted sulphuric acid, for the purpose of obtaining sulphuretted hydro- 
gen gas. When heated in air or oxygen, sulphurous acid and oxide of iron 
are formed. When the moist hydrated protosulphide is exposed to air, the 
iron becomes oxidized, and sulphur separates, and more or less sulphurous 
and sulphuric acids are often formed with heat enough to produce inflamma- 
tion. The formation of this sulphide, by the action of sulphuretted hydrogen 
upon hydrated peroxide of iron, has already been mentioned (p 212). 

Bisulphide of Iron (FeSg) is formed when the protosulphite is well 
mixed with half its weight of sulphur, and subjected to a high temperature, 
which, however, should be below redness; a bulky dark-yellow metallic 
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powder is the result, not attracted by the magnet, and insoluble in dilute 
sulphuric and hydrochloric acids. Bisulphide of iron is the occasional 
result of the slow decomposition of a solution of sulphate of iron by organic 
matter. Thus, the bones of some mice, which had accidentally fallen into a 
solution of the sulphate, were found incrusted with bisulphide. Its presence 
in masses of wood found in clay, or in coal, may be explained upon similar 
principles. 

Native Sulphides of Iron, — Magnetic pyrites is a protosulphide of iron, 
and common or yellow pyrites a bisulphide. Common pyrites is found 
massive, and crystallized in a variety of forms ; it often occurs in radiated 
nodules, which, when rolled amongst the shingles upon the sea-beach, are 
sometimes called thunder-holts ; it is of different shades of brass yellow. It 
is used in the formation of sulphate of iron^ or green vitriol, for which pur- 
pose it is gently roasted and exposed to air and moisture. The cubical 
bisulphide is very permanent, but some of the prismatic varieties spontane- 
ously pass into sulphate, and when in large masses generate heat enough to 
produce ignition; in this way beds of coal have been set on fire in conse- 
quence of the absorption of oxygen by their contained pyrites. Pyrites has 
also been used as a source of sulphur, and as a substitute for sulphur in the 
production of sulphuric acid. 

Sesquisulphide of Iron (FCgSg).- — This compound is formed either by 
passing sulphuretted hydrogen over sesquioxide of iron at a temperature 
not exceeding 212°, or by the action of the same gas upon the hydrated 
sesquioxide, at common temperatures. It is formed in the humid way by 
adding neutral persulphate of iron drop by drop, to a solution of an alkaline 
hydrosulphate ; it then falls as a black powder, which cannot be dried in the 
air without change. 

Hyposulphite of Protoxide of Iron (FeOjSgOg) is obtained together 
with sulphite, by digesting finely-divided metallic iron in sulphurous acid, 
(2Fe-f 3S03==FeO,S303-fFeO,S03). When sulphuric or hydrochloric acid 
is added to its solution, sulphurous acid is evolved, and sulphur precipitated. 
This solution furnishes a perfect protosalt of iron j and by keeping a few 
filings of iron in it, it may be retained in this state. It gives a white pre- 
cipitate with ferrocyanide of potassium, and infusion of galls does not im- 
mediately discolor its solution. 

Protosulphate of Iron (FeOjSOg) is the copperas and green vitriol of 
commerce, and is often prepared by exposing roasted pyrites to air and 
moisture, in which case the salt is impure. It is usually formed by dissolving 
iron in dilute sulphuric acid, filtering and evaporating the solution, and 
setting it aside to crystallize. It is also obtained, free from persulphate, by 
acting upon protosulphide Of iron by dilute sulphuric acid. This salt forms, 
when pure, bluish-green crystals in the form of oblique rhombic prisms, 
soluble in about 2 parts of water at GO*^ ; of a styptic taste, reddening vege- 
table blues, and including t atoms of water (FeO,S037HO). When chlorine 
is passed through an aqueous solution of protosulphate of iron, hydrochloric 
acid is formed, and the iron becomes peroxidized, so that water is decom- 
posed. Protosulphate of iron is insoluble in alcohol, and in sulphuric acid, 
both of which deprive the crystals of water, and precipitate the salt in the 
form of a white powder. The green vitriol of commerce usually contains 
persulphate, and has a grass-green color. Exposed to dry air, this salt 
effloresces, and in moist air absorbs oxygen, becoming of a rusty or reddish 
color, whence the French term couperose, applied to it, corrupted into cop- 
peras. When heated in close vessels, it fuses, and at 238° loses 6 equiva- 
lents of water, but retains 1 equivalent till heated above 535° : this may be 
driven off at a higher temperature, and the salt is then white, pulverulent, 
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and anhydrous. At a higher temperature the anhydrous protosulphate is 
converted into an anhydrous persulphate, and sulphurous acid is at the same 
time evolved: 2[FeO,S03]=Fe203,S03-f SO^; and at a full red-heat the 
persulphate is itself decomposed, and leaves peroxide, while the sulphuric 
acid partly passes off in an anhydrous state, and is partly resolved into sul- 
phurous acid and oxygen. The residuary oxide is of a deep-red color, and 
was formerly known under the name of colcoiliar^ or caput mortuum vitrioU, 
It is in consequence of this decomposition that sulphate of iron is often 
used as a substitute for sulphuric acid, to separate weaker acids from their 
bases, at high temperatures. 

Native Green Vitriol is frequently found associated with pyrites, and pro- 
duced by its decomposition. 

Persulphate of Iron (FegOgjSSOg) is made by adding 1 equivalent of 
sulphuric acid to a solution of 2 equivalents of protosulphate, boiling, and 
then dropping in nitric acid as long as red fumes are evolved ; a buff colored 
deliquescent mass is obtained on evaporation, slowly soluble in water, and 
which, when carefully heated, leaves an anhydrous salt : it is decomposed at 
a red heat. In this compound the number of atoms of acid are equal to the 
number of atoms of oxygen combined with the metal. 

Persulphate of iron forms double salts with the sulphates of ammonia 
and of potassa, which, in form and composition, resemble alum. The formula 
of the ammonia-salt is NH^CSOg-f Fe203»3S03+24HO, and that of the 
potassa-salt KO,S03 + re303,3S034-24HO. It is sometimes found associated 
with sulphate of alumina in chalybeate waters. 

Phosphide op Iron (Fe^P) is formed by dropping phosphorus into a 
crucible containing red-hot iron-wire : it is a brittle gray compound, and 
acts upon the magnet. It may also be procured by the ignition of a mixture 
of iron filings, phosphoric acid, and charcoal powder; or of phosphate of 
iron and charcoal. It is difficultly soluble in the acids. A small portion of 
this compound is said to be present in cold-short iron : it is injurious to the 
quality of the metal when contained in it to the amount of 1 per cent. Phos- 
phorus increases the fusibility of iron. The fine thread-like Berlin castings 
are said to be produced from iron containing the phosphide. 

Protophosphate op Iron (2(FeO)B[0,PO.) is insoluble in water. It 
may be formed by adding a solution of common phosphate of soda to proto- 
sulphate of iron. It is at first white, but becomes blue by exposure : it fuses 
and forms a crystalline bead before the blowpipe ; it is soluble in most of 
the acids, from which it may be again precipitated by ammonia, but it is 
soluble in excess of ammonia. When it has acquired a full blue tint, it is 
probably analogous to the native phosphate, and is a hydrated compound of 
the phosphate of the protoxide with phosphate of the peroxide. This blue 
phosphate may be produced by adding phosphate of soda to the solution of 
the mixed sulphates of iron ; it is not changed by exposure to air ; its 
formula is HO,2(FeO)P05-}-2(FeA)P05. The analyses of the crystal- 
lized and amorphous native phosphates agree with the formula 3(FeO)P05 
4-8HO. 

Perphosphate op Iron is a white insoluble compound which is precipi- 
tated on adding common phosphate of soda to persulphate or perchloride of 
iron ; or by adding phosphoric acid to a mixture of acetate of soda and a 
persalt of iron. The precipitate is rendered brown by solution of ammonia, 
but is not soluble in ammonia unless excess of the phosphate of soda is 
present, when it forms a brown solution, which remains clear with ferro- 
cyanide of potassium till an acid is added, when Prussian blue is thrown 
down. It is also dissolved by a large excess of peracetate of iron. Owing 
to the insolubility of the perphosphate in acetic acid, an alkaline phosphate 
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forms a valuable test for this metal (page 368), and enables a chemist to 
separate iron from the alkaline earths, as well as the peroxide from the prot- 
oxide of the metal. 

Native Phosphate of Iron occurs in the form of a blue earthy powder; or 
if at first white, it becomes blue by exposure: it also is found in prismatic 
crystals. The former (sometimes termed Native Prussian Blue) has been 
found in alluvial soil : the latter occurs with iron pyrites in Cornwall. 

Iron and Carbon. Carbide of Iron. — It is doubtful how far any 
definite carbide of iron can be separately obtained, but these compounds 
have important bearings upon the properties of cast iron and steel. The 
determination of the quantity of carbon in them is usually effected by mixing 
from 50 to 100 grains of the sample in very fine filings, with about ten 
times its weight of chromate of lead, heating the mixture in a combustion- 
tube, such as is used in organic analyses, to a red-heat, and passing over it 
a stream of pure and dry oxygen : in this way the iron and carbon are both 
burned, and the carbonic acid formed by the latter, when absorbed by a 
solution of potassa, becomes the indicator of the quantity of carbon present. 
But cast iron contains carbon mechanically mixed, as well as chemically 
combined; and to ascertain their relative proportions, the iron may be dis- 
solved in hydrochloric acid, when the chemically combined carbon goes off 
in the form of hydrocarhons^ while the graphite, or other forms of carbon, 
which were mechanically mixed, remain, together with silica, and may be 
separated by filtration, washed, and dried. This residue, when properly 
burned, so as to consume the carbon, leaves the silica, and the loss of weight 
gives the quantity of carbon. 

Manufacture of Steel. — Steel is generally regarded as a compound of iron 
with a quantity of carbon, varying from one to two per cent. ; but the exact 
nature of this valuable substance is perhaps scarcely understood. In some 
samples the proportion of carbon has been found below 0-2 per cent.; in 
others, nitrogen has been detected; and under the supposition that these 
small quantities of foreign matters cannot confer upon steel the remarkable 
properties upon which its value depends, it has been assumed that it may 
be an allotropic condition of iron. Traces of silicon, manganese, phos- 
phorus, arsenic, and aluminum, have also been discovered in steel of good 
quality. 

Steel combines the fusibility of cast, with the malleability and ductility of 
bar or wrought iron ; its texture varies, some of the varieties being granular 
or lamellar, and others exhibiting a silky fracture ; but it is never fibrous, 
like the iron from which it is obtained. After it has been highly heated, 
and then suddenly cooled, it acquires extreme hardness, and becomes more 
or less brittle, and very elastic ; but if, after having been heated to redness, 
it be allowed to cool very slowly, it becomes nearly as tough and soft as 
pure iron. But the most characteristic quality of steel is, that it may be 
brought to any intermediate degree of hardness between these extremes, by 
the process called tempering, to which we shall presently advert. Steel is 
also distinguished from iron by its permanent retention of magnetism. Steel 
may be obtained from the purer varieties of cast-iron, or from some of the 
native oxides of iron, by so modifying the process of reduction as to leave 
the iron in combination with no more carbon than is requisite; and, in that 
case, it has been termed natural steel. Iron may also be converted into 
steel by passing carburetted hydrogen over the bars at a full red heat ; but 
it is generally made by a process called cementation, which consists in heat- 
ing to full redness, bars of the purest iron, in contact with charcoal, to 
which a little common salt and wood-ash is usually added. This process 
requires from 6 to 10 days, according to the thickness of the iron bars, 
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which, when removed from the furnace, exhibit a blistered surface, arising, 
as has been supposed, from the production of carbonic oxide. When 
blistered steel \^ drawn down into smaller bars, and forged by the tilt hammer, 
it forms tilted steel; and this, when broken up, and again welded and drawn 
into bars, forms shear steel. Cast steel is prepared by fusing blistered steel 
with a carbonaceous and vitrifiable flux, and casting it into ingots, which 
are afterwards hammered or rolled into bars. It has a more uniform tex- 
ture and composition than the other varieties, and is used in the manufacture 
of superior cutlery, and for the matrices, punches, and dies of the medal 
engraver and coiner. 

The best cast steel seldom contains less than 99 per cent, of iron, the re- 
maining 1 per cent, being made up of carbon, silicon, phosphorus, manga- 
nese, and occasional traces of the other substances found in cast iron. 

Case-hardening is an operation performed upon cast or wrought-iron, by 
which it is superficially converted into steel: the article is for this purpose 
either heated to redness in contact with charcoal-powder; or sometimes, if 
small and delicate, is wrapped round with leather, and then gradually heated 
to redness, and kept in that state till its surface is duly carbonized. Ferro- 
cyanide of potassium is also a valuable material as a case-hardener, and in 
various operations connected with the management of steel. 

Hardening and Tempering Steel. — When steel is heated to a cherry-red 
color, and then plunged into cold water, it becomes so extremely hard and 
brittle, as to be unfit for almost any practical purpose. To reduce it from 
this extreme hardness it is subjected to the process of tempering, which is 
effected by again heating the steel up to a certain fixed point. The surface 
being a little brightened, exhibits, when thus heated, various colors depend- 
ing upon the formation of thin films of oxide, which constantly change as 
the temperature is increased, and by these colors it is customary to judge of 
the temper of the steel. But a more accurate method is to use a bath and 
thermometer ; the bath may be of oil, mercury, or fusible metal. Into this the 
articles to be tempered are put, together with the bulb of a thermometer 
graduated to the boiling point of mercury. The corresponding degrees at 
which the various colors appear are from 430^ to 600^^. The first change 
is about 430^, but this is very faint. At 460° the color is straw, at 500^, 
brown; this is followed by a rec? tinge, ih^n purple, and at nearly 600^, it is 
blue. Lancets, certain surgical instruments, and razors, are tempered be- 
tween 430^ and 460° ; penknives, and fine cutlery, at 460^ to 500^ ; table 
and carving-knives at 600^ to 530° ; and sword-blades, saws, and articles 
requiring great elasticity, at 530^ to 600^. 

When a mass of steel, a die, for instance, has been heated red-hot, and 
suddenly quenched in cold water, it retains when cold, the bulk that it had 
when heated ; the consequence is, that its particles are thrown into a state 
of very unequal tension, so that it frequently cracks or flies to pieces. Its 
specific gravity is also diminished. The specific gravity of a plug die of the 
best cast steel, weighing about 2600 grains, after having" been well annealed, 
was t*8398 ; after having been indented by a punch in a fly-press, its specific 
gravity was 18605 ; it was then hardened by heating it to bright redness 
and plunging it into water at 55^. By this process its sp. gr. was reduced 
to '7-t525. 

The quality of steel is sometimes tested by washing its clean surface with 
dilute nitric acid, which ought to produce a uniform gray color ; if the steel 
is imperfect, and contains veins or pins of iron, they become evident by their 
difference of color. When some particular kinds of iron or steel are thus 
tested, a mottled appearance is produced, as if it were composed of layers 
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or wires of iron and steel welded together : hence is supposed to arise the 
peculiar character of the celebrated Damascus sword-blades. 

Alloys of Steel. — Attempts have been made to improve the quality of steel 
by alloying it with manganese, silver, and some other metals, but none of 
these combinations have been found, after due experience, to be superior to 
the best ordinary steel. 

Protooarbonate of Iron (reO,C02). — When a solution of a pure proto- 
salt of iron is precipitated by carbonate of potassa or soda, a white hydrated 
protocarhonate of iron falls, which, if washed and dried, with all the requisite 
precautions for excluding oxygen, forms a greenish tasteless powder, contain- 
ing from 24 to 30 per cent, of carbonic acid ; it may therefore be considered 
as FeO,C02,HO. When air is not excluded, the white precipitate presently 
passes through various shades of green, and if exposed to air becomes brown> 
losing carbonic acid, and passing into hydrated peroxide. When carbonic 
acid in aqueous solution is digested with iron filings, a colorless solution of 
the protocarbonate is obtained. It is not an uncommon ingredient in mineral 
waters, where it is held in solution by excess of carbonic acid. The most 
celebrated springs of this kind in England are those of Tunbridge Wells. 
These waters have an inky flavor, are blackened by vegetable astringents ; 
and when boiled, or when exposed to air, deposit hydrated peroxide of iron. 
Chalybeate waters seldom contain as much as a grain of carbonate of iron 
in a pint; the chalybeate springs in and about Tunbridge Wells contain 
from 2 to 3 grains in the gallon (p. 138). 

Native Protocarbonate of Iron ^ or Spathose Iron Ore (FeOjCOg) occurs in 
rhombic crystals. Its color is yellowish, or brownish gray. It generally 
contains manganese, lime, and a trace of magnesia ; it slowly dissolves in 
hydrochloric acid, evolving carbonic acid. The clay iron ore of our coal 
districts, from which British iron is chiefly obtained, is an impure protocar- 
bonate of iron J usually containing from 30 to 40 per cent, of oxide (p. 353). 
Carbonic acid does not form a definite compound with peroxide of iron. 

Iron and Cyanogen. — These substances give rise to several important 
compounds, in which they exist either combined in various proportions or as 
a compound radical or base, in union with other bodies. 

Protooyanide of Iron (FeCy) is obtained, in the form of a gray powder, 
by gently heating ammonio-cyanide of iron (ferrocyanide of ammonium) out 
of the contact of air. It is also formed by digesting recently-prepared 
Prussian blue in a well-stopped phial with a saturated solution of sulphu- 
retted hydrogen ; it becomes white, and the solution contains hydrocyanic 
acid. When solutions of cyanide of potassium and protosulphate of iron 
are mixed, an abundant reddish precipitate falls, which is redissolved by ex- 
cess of the cyanide, and then forms ferrocyanide of potassium. But it is 
doubtful whether a pure protocyanide of iron has been isolated. 

According to Pelouze, a combination of cyanogen and iron (FCgCyJ, 
corresponding to the magnetic oxide, is obtained by passing a current of 
chlorine into a boiling solution of ferrocyanide of potassium ; a green 
powder precipitates, which is to be boiled in 8 or 10 parts of concentrated 
hydrochloric acid, by which peroxide and cyanide of iron are dissolved, and 
a green powder remains, which, when washed and dried in vacuo, consti- 
tutes this intermediate combination=FeCy+FeaCy3 + 4HO. Heated to 
355°, it loses water, cyanogen, and a little hydrocyanic acid, and acquires a 
deep purple color. By a solution of caustic potassa, it is converted into 
peroxide of iron, and a mixture of the ferrocyanides of potassium. 

Percyanide of Iron ; Sesquicyanide of Iron (FCgCyg). — This compound 
has not been isolated. It is obtained in solution when ferricyanide of potas- 
sium is decomposed by silico-fluoride of iron, forming a brown astringent 
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liquid, but on evaporation it deposits Prussian blue. The varieties of Prus- 
sian blue are compound cyanides of iron. 

Ferrocyanides and Ferricyanides, — The cyanides of iron combine with 
other cyanides and produce two classes of salts, which have been termed 
ferrocyanides SLJidferri cyanides, the former contSbimng ferrocyanogen=:¥eGj^, 
and the latter ferricyanogen^=^YQQQY^' Neither ferrocyanogen nor ferricya- 
nogen has been isolated, but the hypothesis of their existence as distinct 
radicals is so convenient, as to have led to its general adoption. Ferrocya- 
nogen, Fey, containing 1 atom of iron and 3 of cyanogen, is dibasic. Fer- 
ricyanogen, Fdcy, containing 2 atoms of iron and 6 of cyanogen, is tribasic. 
The ferrocyanide of potassium, for instance, is K3,Fcy, and the ferricyanide, 
Kg, Fdcy ; the ultimate elements of the former being KaFeCgNg ; and those 
of the latter, KgFegC^Q^g. They are isomeric (p. 19). 

Ferrocyanide oe Hydrogen ; Ferrocyanio Acid ; Hydroferrooyanio 
Acid (H2,Fcy=H2,Fe,Cy3).— -(-Fen^oc%a2;«c acid of Porret, by whom it was 
discovered in 1818.) — This acid may be obtained by the following processes : 
1. Dissolve 68 grains of crystallized tartaric acid in alcohol, and pour the 
solution into a phial containing 50 grains of ferrocyanide of potassium dis- 
solved in 3 drachms of warm water ; the potassa is precipitated in the state 
of bitartrate, and the hydroferrocyanic acid remains dissolved in the alcohol, 
from which it may be obtained, by careful evaporation, in small crystals. 2. 
Mix a cold saturated solution of ferrocyanide of potassium with one-fourth 
of its volume of strong hydrochloric acid, and agitate it with half its volume 
of ether ; a white crystalline substance separates, which, when washed with 
ether and dried, or, if necessary, dissolved in alcohol, and again precipitated 
by ether, is hydroferrocyanic acid. In this decomposition, 1 atom of ferro- 
cyanide of potassium and 2 of hydrochloric acid yield 1 of hydroferrocyanic 
acid and 2 of chloride of potassium. Hydroferrocyanic acid thus obtained, 
is soluble in water and alcohol, and powerfully acid : it decomposes the alka- 
line carbonates with effervescence, forming ferrocyanides of their bases. It 
is inodorous, and not poisonous : it is permanent in the dry state, but when 
moistened and exposed to air it forms Prussian blue. 

Ferrocyanogen, regarded as a bibasic radical, forms two sets of salts, com- 
bining, namely, with 2 atoms of the same metal, as in the ferrocyanide of 
potassium, F^Fcy ; or with 2 atoms of different metals, as in the ferrocy- 
anide of potassium and calcium, K,Ca,Fcy ; and when these salts are formed 
by the hydroferrocyanic acid, the 2 atoms of its constituent hydrogen are 
replaced by 2 atoms of the same or of different metals (p. 230). 

The ferrocyanides are decomposed by heat with various phenomena. 1. 
The ferrocyanogen evolves nitrogen and becomes converted into carbide of 
iron, which remains mixed with the basic cyanide ; this is the case with fer- 
rocyanide of potassium. 2. The cyanogen of both the cyanides is decom- 
posed, nitrogen evolved, and metallic carbides of iron and of the basic metal 
are formed ; as with ferrocyanide of lead. 3. The basic cyanide evolves 
cyanogen, and is reduced ; as in the case of ferrocyanide of silver, (See 
p. 195.) 

Ferrocyanide of Iron. — When ferrocyanide of potassium is added to a 
pure protosalt of iron, a whitish precipitate falls, which becomes blue by 
exposure, and is =K,Fe3,Cy3. The same salt is thrown down on adding 
hydrochloric acid to a solution of ferrocyanide of potassium. Representing 
this salt by the formula KFe,Fcy, it comes under the class of ferrocyanides 
with two basic metals, 

Prussian Blue. — This pigment was accidentally discovered by Diesbach, 
a color-maker at Berlin, in the year 1110. It is largely consumed in the 
decorative arts, in dyeing, and calico-printing : it is used in making some of 
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the varieties of what is called stone-Mue, and is sometimes added to starch, 
though for this purpose, as well as for covering the yellow tint of paper, 
smalt or cobalt blue is preferable. Prussian blue is prepared of different 
degrees of purity, by precipitating solutions of peroxide of iron by ferrocy- 
anide of potassium, various additions being made according to the purposes 
for which it is required. 

Pure Prussian blue is obtained by adding a solution of ferrocyanide of 
potassium to persulphate of iron, thoroughly washing the precipitate, first 
with water slightly acidulated by sulphuric acid, and then with pure water, 
and ultimately drying it in a warm place. Prussian blue is of a peculiarly 
rich and intense blue, with a copper tint upon its surface : it is insipid, in- 
odorous, insoluble in water, in alcohol, and in dilute acids, and is not poi- 
sonous. Concentrated sulphuric acid forms with it a white pasty mass by 
dehydrating it, from which water again separates it as Prussian blue ; nitric 
acid decomposes it ; concentrated hydrochloric acid ultimately abstracts part 
of its iron. Sulphuretted hydrogen, and nascent hydrogen, gradually de- 
stroy its color. The alkalies decompose it into soluble ferrocyanides and 
oxide of iron, hence, as a dyeing material, it does not resist the action of 
soap. Boiled in water with peroxide of mercury, it forms cyanide of mer- 
cury, and an insoluble compound of cyanide and oxide of iron. According 
to Chevreul, Prussian blue becomes white in the direct rays of the sun, but 
regains its blue color in the dark. It is occasionally used in the composi- 
tion of writing fluids. It is hygrometric, and after having been well dried, 
speedily attracts moisture. When subjected to destructive distillation, it 
yields a little water with hydrocyanate of ammonia, and then carbonate of 
ammonia ; a black pyrophoric carbide of iron remains. 

Prussian blue is regarded as a compound of cyanogen and iron, but various 
views have been taken of its atomic constitution, according as it has been 
considered to contain, or not to contain, the elements of water. When an- 
hydrous, it contains i atoms of iron and 9 of cyanogen; or 4 atoms of iron 
and 3 of ferrocyanogen ; but it is generally admitted that it cannot practically 
be obtained in this state, and that it always contains water, or the elements 
of water, which cannot be expelled without the decomposition of the com- 
pound; if so, it is probably a hydroferrocyanate of the sesquioxide of iron. 

Ferrocyanide of Potassium and Iron. — It has already been observed that 
the white precipitate resulting from the action of ferrocyanide of potassium 
upon a protosalt of iron, contains 1 atom of potassium, 2 of iron, and 3 of 
cyanogen, and is identical with the salt produced by the action of sulphuric 
acid upon ferrocyanide of potassium ; it is therefore a ferrocyanide, in which 
1 atom of potassium is replaced by an atom of iron =K,Fe3Cy3 ; or it may 
be regarded as a compound of 1 atom of ferrocyanide of potassium with 3 of 
cyanide of iron =(K„Fe,Cy3-f3FeCy==2(K,Fe3,Cy3). When this white 
compound is exposed to air, it absorbs oxygen and becomes blue, forming 
what has been termed soluble or basic Prussian blue, a compound of Prussian 
blue with peroxide of iron =(Fe7,Cyg+Fe203). When washed with water, 
the ferrocyanide is first washed away, but if the washing be continued the 
whole of the precipitate is gradually dissolved, furnishing a dark-blue liquor, 
which may be evaporated to dryness without decomposition. The blue 
liquor is not precipitated by alcohol, but when solution of sulphate of pot- 
assa (and certain other salts) is added, a blue precipitate falls, which is again 
perfectly soluble in pure water. 

Ferricyanogen (Fe3Cy6=Fdcy). — This assumed tribasic salt radical is 
isomeric with ferrocyanogen, being formed by the coalescence of 2 atoms of 
that compound. 

Ferrioyanide op Hydrogen. Hydroferricyanic Acid (Hg^FeaCyg or Hg, 
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Fdcy). — This acid is prepared by decomposing recently precipitated ferricy- 
anide of lead by dilute sulphuric acid, or by sulphuretted hydrogen : on fil- 
tration a yellow liquor is obtained, which by very slow spontaneous evapo- 
ration deposits crystals ; if heat be used, a brown powder remains : the 
aqueous solution gradually decomposes, especially if heated, and deposits a 
blue crystalline powder. This acid, in combining with metallic oxides, pro- 
duces water and metallic ferricyanide, its hydrogen being replaced by the 
metal : its compounds with the metals of the alkalies and alkaline earths 
are soluble in water ; the others are insoluble, and are formed by the reaction 
of a soluble ferricyanide upon solutions of the metallic salts (pp. 232, 2T1). 
Ferricyanide of Iron (Fe^Cye— Fe3,rdcy). — This is the precipitate formed 
by adding solution of ferricyanide of potassium to a protosalt of iron ; it is 
produced by the substitution of 3 atoms of iron for 3 of potassium ; it is 
known in commerce as TurnhulVshlue (K3,Fdcy) + 3(FeO,So3) = (Fe3,Fdcy-|- 
3KO,S03). It may also be prepared by adding to a protosalt of iron a mix- 
ture of ferrocyanide of potassium and chloride of soda, to which hydrochloric 
acid has been previously added. It is distinguished from common Prussian 
blue by its action on ferrocyanide of potassium, for when boiled in a solution 
of the latter salt it decomposes it into ferricyanide, which is dissolved, and 
into an insoluble gray residue of ferrocyanide of iron and ferrocyanide of 
potassium. 

Hydronitroprussic Acid and JSfitroprussides. — When binoxide of nitrogen 
is passed through an aqueous solution of hydroferricyanic acid, one of the 
products is hydronitroprussxc acid^ the formula of which is H2,Fe3Cy5,N03 : 
it forms a well-defined series of salts, discovered by Dr. Playfair {Phil. 
Trans. 1848). One of the most characteristic of these is the nitroprusside 
of sodium: Na2,Fe2Cy5,N03-i-4Aq. It is obtained by the action of 6 parts 
of nitric acid (diluted with its bulk of water) upon 2 parts of pulverized fer- 
rocyanide of potassium; cyanogen and hydrocyanic acid are evolved, and, 
when the efi'ervescence has ceased, the solution is heated in a water-bath till 
it produces a gray (instead of a blue) precipitate with a protosalt of iron : 
it is then set aside, and crystals of nitre, with some oxamide, are deposited ; 
these being removed, the solution is neutralized by carbonate of soda, which 
throws down a greenish-brown precipitate, and, on filtering and evaporating 
the liquid, crystals of the nitroprusside and of the nitrates of potassa and 
soda are obtained : the former are picked out and purified by another crys- 
tallization. 

Nitroprusside of sodium forms red prismatic crystals, soluble in about 2J 
parts of water. The solution, when exposed to light, deposits Prussian 
blue, and evolves nitric oxide ; when an alkaline sulphide is added to it, 
even in a most diluted state, it assumes a deep and characteristic purple 
color, which, however, soon disappears (pp. 212, 361). 

Nitroprusside of Barium (Ba2,Fe2Cy5,N03+6Aq) forms red octahedral 
crystals. 

Alloys of Iron. — These compounds are not of much importance, except 
perhaps those of zinc and tin, as far as they are concerned in the production 
of zinced and tinned iron, which are mentioned under those metals. 

Tests for the Salts of Iron. Protosaits. — The solutions of these salts 
have a greenish color, and a peculiar metallic inky taste. 1. Sulphuretted 
hydrogen gives no precipitate in a solution of a protosalt, provided it is 
acid. 2. Hydrosulphate of ammonia gives a precipitate of greenish black 
sulphide, part of which is dissolved, and imparts a green tint to the alkaline 
liquid. When exposed to the air, this precipitate is converted into a red- 
dish-brown basic salt of the peroxide. 3. Potassa and soda throw down a 
white hydrated oxide, insoluble in the alkali. This, by exposure to air, 
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rapidly becomes green, and ultimately brown (hydrated peroxide). When 
precipitated under similar circumstances, the oxide of manganese becomes 
brown, but without passing through any shade of green. 4. Ammonia gives 
a similar precipitate, which is partly dissolved by an excess, forming a green- 
ish colored liquid ; but on exposure, the solution or precipitate undergoes 
similar changes. 5. Alkaline phosphates and arsenates throw down white 
precipitates (phosphate and arsenate) which pass through similar changes. 
The precipitated phosphate of the protoxide is soluble in acetic acid. 6. 
Ferrocyanide of potassium gives a white precipitate (p. 365), which, by the 
rapid absorption of oxygen, acquires a dark blue color (Prussian blue). 
Hence this white precipitate forms a useful test for free oxygen (p. 90). t. 
The ferricyanide of potassium gives a rich blue precipitate (p. 2t2). The 
precipitates given by this and the preceding test are insoluble in- strong 
hydrochloric acid. If the solution is alkaline, they are not produced, since 
alkalies decompose them. 8. Tincture of galls (tannic acid) produces no 
change of color in the solutions of pure protosalts, but by the absorption of 
oxygen, and the oxidation of the protoxide, the liquid soon acquires, on the 
surface, a pink, purple, blue, or even black tint, according to the quantity 
of peroxide of iron produced. Sulphocyanide of potassium and succinate 
and benzoate of ammonia produce no precipitate or change of color. 

Persalts of Iron. — The solutions are generally brownish-yellow and very 
acid. The more neutral they are, the deeper the color. 1. Sidphuretted 
hydrogen gives with the solution a milky- white precipitate of sulphur — the 
persalt being converted to a protosalt (re3033S03+HS=2(FeOS03) + HO, 
SOg + S). 2. Hydrosulphate of ammonia gives a black precipitate of sul- 
phide of iron (FeS) with a separation of sulphur. This precipitate is soluble 
in hydrochloric acid. It becomes brown by exposure to air. 3. Fotassa, 
soda, and ammonia, as well as their carbonates and hicarhonates, throw down 
brown hydrated peroxide, insoluble in an excess of the alkalies or their salts, 
as well as in chloride of ammonium. Some organic substances, if present, 
will interfere with this action of the alkalies (p. 356). In this case hydro- 
sulphate of ammonia should be employed. 4. Phosphate or arsenate of soda 
gives, in a diluted and nearly neutral solution of a persalt, a whitish or pale 
brown precipitate of phosphate or arsenate of iron, insoluble in acetic acid, 
but dissolved by mineral acids ; this precipitation is promoted by boiling. 
Peroxide of iron may thus be separated from the alkalies and alkaline earths, 
as well as from any protoxide of iron which may be present ; these bases are 
held in solution. 5. Ferrocyanide of potassium produces, even in a very 
diluted solution, a blue precipitate (Prussian blue, p. 365) which is insoluble 
in hydrochloric acid. 6. Ferricyanide of potassium gives a deep emerald- 
green color to the liquid, but no precipitate of Prussian blue is formed. Y. 
Sulphocyanide of potassium gives a blood-red tint even when the persalt is 
largely diluted. This color is destroyed by heat and by solutions of chloride 
of gold and corrosive sublimate. 8. Tincture of galls (tannic acid) gives 
immediately a blue-black color, which is destroyed by strong mineral and 
some vegetable acids. 9. Succinate and henzoate of ammonia (if the solution 
is not too acid) throw down pale reddish-brown precipitates (persuccinate 
and perbenzoate of iron). The protosalts of iron and the salts of manganese 
are not precipitated by these two reagents. 

The protoxide may be separated from the peroxide of iron by various 
processes. 1. The solution of the two salts, nearly neutralized, may be 
treated with acetate of soda, and a small quantity of phosphoric acid then 
added. The perphosphate of iron alone is precipitated, especially when the 
liquid is boiled, the protophosphate remaining dissolved in the acetic acid. 
2. The mixed oxides should be dissolved in the hydrochloric acid, and the 
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liquid warmed. If carbonate of baryta is then added to this liquid in a 
covered vessel, the hydrated peroxide of iron only is precipitated. On 
warming the acid liquid, the protosalt is obtained in solution in the filtrate. 
3. A solution of permanganate of potassa loses its red color by admixture 
with the proto, but not with the persalts, hence the proportions of the mixed 
oxides may be determined volumetrically. Dissolve the oxides in hydro- 
chloric acid and dilute the liquid until it is colorless. A standard solution 
of permanganate of potassa, of which a certain number of measures corre- 
spond to a grain of protoxide, is now added. When the color is no longer 
discharged, the operation is stopped, and the number of measures, repre- 
senting grains of protoxide, read off. It has been hitherto the custom to 
estimate iron by precipitating it by ammonia as peroxide from a persalt. 
The precipitate is simply washed with warm water, dried, calcined, and 
weighed. The volumetric method, however, is preferable. If a few zinc 
filings are placed in the acid liquid, warmed, or a little sulphite or bisulphite 
of soda is added to it, the persalt is rapidly converted into protosalt, and in 
this state the proportion present admits of speedy determination by the use 
of permanganate of potassa. The zinc should contain no iron, and the whole 
of the sulphurous acid should be removed by boiling. 36 parts of anhydrous 
protoxide are equal to 40 parts of anhydrous peroxide. Iron may be readily 
separated, as peroxide, from all the alkalies, as well as from baryta, strontia, 
and lime, by adding to the acid solution, ammonia and hydrochlorate of 
ammonia. It may be separated from magnesia, the protoxide of manganese, 
nickel, and cobalt, by diluting the liquid containing the persalt of iron, and 
adding a solution of carbonate of soda, until it has acquired a brownish-red 
color. If acetate of soda is then added and the liquid boiled, the hydrated 
peroxide of iron is precipitated (Will). A very delicate test for the 
presence of a protosalt in a persalt, is to boil the diluted liquid with chloride 
of gold. If a trace of protosalt is present, metallic gold is deposited. 

None of the metals precipitate iron in a metallic state, if we except zinc 
and cadmium, which effect an imperfect precipitation from some of its proto- 
salts, in vessels excluded from the access of air. Before the blowpipe, 
peroxide of iron produces with microcosmic salt, or borax, in the exterior 
flame, a glass which is blood-red while hot, but yellow when cold. The 
protoxide forms a green glass, which, by increasing the proportion of the 
oxide, passes through bottle-green to black, and is opaque. The glass from 
the peroxide which is reddish-colored in the exterior, becomes green in the 
interior flame : it is there reduced to protoxide, and becomes attractable by 
the magnet. 

The native compounds of iron may be dissolved by hydrochloric or nitro- 
hydrochloric acid. The silicates containing iron should be fused with four 
times their weight of the mixed carbonates of potassa and soda. The iron 
then becomes entirely soluble in hydrochloric acid. 



CHAPTER XXX. 

MANGANESE (Mn = 28). 

The common ore of manganese is the black, or peroxide ; it is found in 

considerable abundance, and is of great importance as a source of oxygen, 

and for the production of chlorine from seasalt, and as a chemical agent in 

various arts and manufactures. Manganese also occurs in several mineral 
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compounds, and traces of it are found in the ashes of some plants, in a few 
animal products, and in some spring waters. 

To obtain metallic manganese, carbonate of manganese, mixed into a paste 
with oil, is subjected to a heat gradually raised to redness, in a close vessel. 
The carbonaceous mixture thus obtained is then rammed into a good 
crucible, filled up with charcoal-powder, and submitted for two hours to a 
white heat : a metallic button is thus obtained, which is manganese, con- 
taining a little carbon and silicon, from which it may be freed, by fusion with 
borax in a crucible coated with charcoal ; it is doubtful, however, whether in 
this case it does not retain boron or sodium. Manganese is a gray metal 
with a granular or slightly crystalline fracture. Sp. gr. 8 "01 3. It is best 
preserved in naphtha, for in the air it tarnishes and crumbles into powder ; 
it undergoes the same change in water, with the evolution of hydrogen. 
When handled with moist fingers, it exhales a disagreeable odor, and when 
acted on by acids, the purest specimens afford traces of carbon. 

Manganese and Oxygen.— There are five compounds of manganese and 
oxygen, three of which are oxides, and two acids ; together with two inter- 
mediate oxides, namely, the red oxide, and the mineral called Yarvicite, 
Their formula are as follows :-— 

Protoxide ........... MnO 

Sesquioxide MngOg 

Binoxide (Peroxide) . Mn 0^ 

Red oxide (Hausmannite) ....... MngO^ 

Varvicite ....... ... . Mn^O^ 

Manganic ficid . . . . . . . . . . Mn Og 

Permanganic acid . Mn^O-j 

Protoxide of Manganese; Manganous Oxide; (MnO) is obtained bj 
passing a current of dry hydrogen over carbonate of manganese, in a porce- 
lain tube, exposed to a red heat. It should be allowed to cool before 
removal from the tube, otherwise it is apt to absorb oxygen. It is of a 
dingy green color ; when heated in the air it is converted into sesquioxide ; 
and at a temperature of about 600^ burns sometimes like tinder. It is 
soluble in the dilute acids, and is the basis of the ordinary manganesian salts, 
which are soluble in water, and are nearly colorless when pure, but often 
have a slightly pink hue. When ammonia is added to solutions of this 
oxide, the whole is not precipitated, but a double salt is formed, as with 
magnesia : thus 2[MnO,S03] + NH3=[MnO,NH32S03] + MnO. When the 
salts of this oxide are decomposed by potassa or soda, a bulky white preci- 
pitate falls, which is Jiydrated protoxide of manganese ; it speedily becomes 
brown by exposure to air, absorbing oxygen and a little carbonic acid ; and, 
when collected and washed upon a filter, it gradually becomes a hydrate of 
the sesquioxide. A similar change is immediately produced by solution of 
chlorine or chloride of lime, by which a hydrate of the sesquioxide, or of 
the binoxide is formed. The recently precipitated and moist hydrate of the 
protoxide is soluble in ammonia, but not in potassa or soda. 

Sesquioxide of Manganese ; Manganic Oxide ; (MngOg).— When prot- 
oxide or carbonate of manganese is exposed for some time to a red heat in 
an open vessel, it absorbs oxygen, and is converted into a deep-brown powder. 
An oxide similarly constituted is also, obtained by heating the pure peroxide 
in a platinum crucible till it ceases to give out oxygen at dull redness. By 
exposing protonitrate of manganese to a red heat, the sesquioxide remains 
as a black powder; and this is the most certain way of obtaining it. The 
characters of this oxide, in respect to solvents, differ with its state of aggre- 
gation ; its acid solutions which are at first red, become colorless when 
heated, when exposed to air and light, or in contact with organic matter, 
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and deposit peroxide, while a portion of protoxide remains in solution. 
They are rendered colorless by sulphuretted hydrogen, by sulphurous acid, 
and some other deoxidizers. Heated with hydrochloric acid, it evolves 
chlorine; and with sulphuric acid, oxygen ; and a protochloride and proto- 
sulphate of manganese result. Digested with nitric acid, protonitrate and 
peroxide are formed. As a base, this oxide is isoraorphous with sesquioxide 
of iron (FcgOg), and with alumina (Al^Og). It gives a violet, or, in small 
quantity, a pink tinge, to glass, and appears to be the coloring principle of 
amethyst. It constitutes the mineral called hrauniie^ which occurs in octa- 
hedral crystals. 

Hydrated Sesquioxide of Manganese (MnaOg + HO) is obtained by exposing 
the hydrated and moist protoxide to the action of air ; or by passing chlorine 
through water holding protocarbonate of manganese in suspension, and 
leaving excess of the latter ; for if the chlorine be in excess, hydrated 
binoxide is formed. It is a common natural product (the manganite of 
mineralogists), occurring crystallized and massive, sp. gr. 4*3, and so closely 
resembling the peroxide, that it is often difficult to distinguish them ; the 
powder of the hydrated sesquioxide is, however, generally brown, that of the 
peroxide Mack; the former, heated in a tube, gives off water and little 
oxygen ; the latter little moisture and much oxygen. 

Binoxide of Manganese; Peroxide of Manganese (MnO^).— This is 
the oxide which most frequently occurs native. It is common in Devonshire, 
Somersetshire, and Aberdeenshire. It is found in a variety of forms : com- 
pact and massive, pulverulent and crystallized. Many of the latter varieties 
have a gray metallic lustre, and are found acicularly radiated, and in rhom- 
boidal prisms. Its specific gravity varies between 4*8 and 4*9. It is the 
pyrolusite of some mineralogists. Under the name of manganese it is met 
with in commerce, and is largely consumed in the manufacture of bleaching 
compounds. In the laboratory, it is resorted to as a source of oxygen gas, 
(2Mn03=Mn30g-fO,) for which purpose it should be well dried before it is 
heated. Carbonate of lime, silica, oxide of iron, and some other substances, 
are not unfrequently associated with it. In the arts it is used to give a 
black color to earthenware, and to remove the green color which glass 
derives from protoxide of iron ; in this case MnO^, acting on 2FeO, produces 
MnO and Fe^Og. A little excess of oxide of manganese is apt to give the 
pink tint, which is sometimes seen in plate-glass windows. This oxide is a 
good conductor of electricity. It forms no combinations with the acids ; 
but such of them as appear to dissolve it, reduce it to the state of protoxide. 
Gently heated with hydrochloric acid, chlorine is liberated, in consequence 
of the decomposition of the acid by the oxygen of the oxide (MnOa + SHCl 
= MnCl-i-2H0 + Cl.) The chloride in solution has all the properties of 
the protosalts of manganese. Boiled with sulphuric acid, oxygen is evolved, 
and a soluble sulphate of the protoxide is formed, [Mn02, + S03=MnO,S03 
H-O]. Nitric acid does not attack it unless it contains sesquioxide, or some 
deoxidizing agent is at the same time present. Many vegetable acids de- 
compose it by the aid of heat. 

The commercial value of this oxide may be said to depend upon the pro- 
portion of chlorine which a given weight of it will evolve when heated with 
hydrochloric acid ; or, iu other words, the quantity of oxygen which it con- 
tains beyond that contained in the protoxide. The usual mode of deter- 
mining this excess of oxygen, is founded upon the mutual action of the oxide 
and oxalic acid in the presence of free sulphuric acid, when protosulphate of 
manganese and carbonic acid are formed. 

A hydrated peroxide, =MnOa, + 110, is formed by precipitating proto- 
chloride of manganese by chloride of lime. In this state it is brown, while 
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the anhydrous oxide is black. The soft black mineral known under the name 
of Wad, is also a hydrate of this peroxide. 

Red Oxide oe Manganese (Mn^OJ. — This oxide exists native, consti- 
tuting the mineral termed Hausmannite. It is said to be formed when the 
hydrated protocarbonate of manganese, after having been dried, is exposed in 
the air to a red heat. 

Vakvicite (Mn^Oy).— This name has been given to a peculiar oxide of 
manganese from Warwickshire. It is harder and has more lustre than the 
native peroxide. 

Manganic Acid (MnOg). — This acid is met with only in a state of combi- 
nation with alkaline bases. It may be obtained as manganate of potassa by 
fusing equal parts of peroxide of manganese in fine powder, and hydrate of 
potassa, with a small quantity of nitrate, in a covered crucible ; a greenish- 
black mass results, which with water affords a deep green solution of manga- 
nate of potassa. This is permanent with excess of alkali, but otherwise it 
becomes blue, purple, and ultimately red on exposure to air, in consequence 
of the formation of permanganate of potassa by the absorption of oxygen 
{chameleon mineral). At the same time it deposits a brown powder, which 
is hydrated peroxide of manganese, and free alkali is separated : (3[K0, 
Mn03]=:KO,Mn207 + Mn02+2KO.) Nitric acid, added to the liquid, changes 
the green into the red compound. When set free from the base, manganic 
acid is resolved into hydrated peroxide and oxygen. 

Manganate of Potassa (K0,Mn03), may be obtained in a purer state as 
follows : Mix 4 parts of finely-powdered peroxide of manganese with 3^ of . 
chlorate of potassa, and add them to 5 parts of hydrate of potassa dissolved 
in a small quantity of water. The mixture is evaporated to dryness pow- 
dered, and then ignited in a platinum crucible, but not fused, at a low red 
heat. Digested in a small quantity of cold water, and filtered through as- 
bestos, this affords a deep emerald green solution of the alkaline manganate, 
which may be obtained in crystals of the same color by evaporating the solu- 
tion over sulphuric acid in the air-pump. The crystals are isomorphous with 
the sulphate and chromate of potassa. They are anhydrous. They are 
soluble in a moderately concentrated solution of potassa, forming an intensely 
green solution, and are again deposited without change when evaporated in 
vacuo. The changes of color which the compound undergoes may be well 
illustrated by placing a quantity of the manganate in powder in a capacious 
jar, and very gradually adding to it a large quantity of water which is aerated. 
As the oxygen is absorbed by the manganic action, it changes in color from 
emerald green to blue, violet, purple, and at length remains of a ruby or 
amethyst red. It is now permanganate of potassa. This conversion is im- 
mediately brought about by the addition of an acid, even by acetic acid. 
Acids operate by removing the base. The change is also rapidly effected by 
boiling, showing that the manganic is a very unstable acid. It is reduced to 
the state of hydrated peroxide by organic matter. It is instantly decom- 
posed and rendered colorless by sulphurous, phosphorous, and nitrous acids. 
Arsenious acid also reduces it. The tendency of this acid therefore is to 
pass either to a lower or higher state of oxidation. 

Permanganic Acid (Mn^Oy). — When the green solution of manganate of 
potassa in water, moderately diluted, is boiled, it rapidly becomes purple by 
conversion into the permanganate of potassa (K0,Mny07). As the solution 
is decomposed by organic matter, it must be filtered through asbestos, and 
concentrated by evaporation. Deep ruby-colored crystals are thus obtained, 
which are soluble in 16 parts of water at 60°, and possess an intense color- 
ing power ; one or two grains will give a deep amethyst red tint to a large 
quantity of water. 
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The solution of this salt is now much employed in volumetric analysis. It 
readily parts with its oxygen to organic matter and deoxidizing bodies gen- 
erally ; it loses its color, and brown hydrated peroxide of manganese is 
deposited. Thus the color of the permanganate is discharged by sulphurous, 
phosphorous, nitrous, and arsenious acids, as well as by their salts when an 
acid is added. Sulphuretted hydrogen, a protosalt of iron (p. 369), grape- 
sugar, and nicotina immediately deoxidize it. Iodide of potassium converts 
a concentrated solution to green manganate, but deoxidizes entirely a weak 
solution. A standard solution of the permanganate has been employed for 
determining the amount of organic matter in air and water (pp. 120 and 
151). tJnder the name of Gondy^s Disinfecting Liquid^ it has been much 
used for the removal of foul effluvia in sick rooms. A solution of it is sold 
under the name of ozonized water. 

If a solution of nitrate of silver is added to a hot concentrated solution of 
permanganate of potassa^ red crystals of permanganate of silver are depo- 
sited on cooling. By double decomposition with the chlorides, permanga- 
nates of the alkaline earths may be obtained. If a concentrated solution of 
potassa is poured into a diluted solution of permanganate, the liquid becomes 
first violet and by very gradual additions of the alkali, passes through va- 
rious shades of purple to emerald green. Manganate of potassa is formed, 
and a double quantity of base enters into combination (KOjMngOy-f K0=2 
(K0,Mn03) + 0) : the oxygen being retained in the liquid. A permanga- 
nate is more stable in water than a manganate, since it may be boiled without 
being decomposed. The acid is, however, slowly changed by exposure to 
air, into peroxide of manganese. 

Permanganic acid may be obtained in combination with water, by decom- 
posing permanganate of baryta with diluted sulphuric acid. Its formula is 
HOjMugOy. The solution is of a red color. It is rapidly decomposed even 
at common temperatures. A portion of the oxygen in this acid is supposed 
by Schonbein to be in an allotropic state, as ozone (p. 103). 

Protoohloride op Manganese (MnCl).— When peroxide of manganese 
is heated with hydrochl orate of ammonia, a solution of chloride of manganese 
may be obtained from the residue, which furnishes transparent pinkish crystals 
of hydrated chloride. The same salt is obtained by dissolving carbonate of 
manganese in dilute hydrochloric acid, and evaporating the solution. The 
higher oxides of this metal, when treated with hydrochloric acid, give off 
chlorine, and are converted into protochloride of manganese. Thus a man- 
ganate, treated with an excess of hydrochloric acid, acquires the usual 
chemical properties of the protosalts. 

A large quantity of this chloride, in an impure state, is obtained as a 
waste product in the manufacture of chloride of lime. 

Exposed, out of the contact of air, to a red heat, the hydrated crystals 
of this protochloride lose water to the amount of about 40 per cent, and 
leave a lamellar anhydrous chloride of manganese; heated in the contact of 
air, this chloride is decomposed and converted into an oxide, as is the case 
with the corresponding chloride of magnesium. 100 parts of water at 60^ 
dissolve about 40 parts of the anhydrous salt ; alcohol dissolves half its 
weight, and the solution, when evaporated in vacuo ^ affords a crystalline 
alcoate, containing two equivalents of alcohol. 

When ammonia is added to a solution of the chloride, half of the manga- 
nese is thrown down in the state of hydrated protoxide, and the remainder 
forms a double salt. When a recently precipitated hydrated protoxide of 
manganese is digested in a solution of sal-ammoniac, the double chloride is 
formed. 

Sesquiohloride op Manganese (Mn^Clg) is formed when the sesquioxide 
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is dissolved at a low temperature in hydrochloric acid ; a dark brown solu- 
tion is obtained which, by a slight elevation of temperature, evolves chlo- 
rine. 

Perohlotiide of Manganese {M.n,fi\) is produced by adding fused chlo- 
ride of sodium to a solution of permanganate of potassa in sulphuric acid ; 
the compound passes off in the form of a green vapor, condensible at 0^ 
into an olive-colored liquid. If the vapor be conveyed into a moistened 
flask, it acquires a red tint, and hydrochloric and permanganic acids are 
generated. 

Nitrate of Manganese (MnO,ISr05).— Dilute nitric acid dissolves moist 
protoxide or protocarbonate of manganese, and forms a protonitrate, which 
may be obtained by evaporation in vacuo, in hydrated prismatic crystals, de- 
liquescent, very soluble in water and in alcohol, and of a bitter taste ; their 
alcoholic solution burns with a green flame. 

Sulphide of Manganese (MnS).— When dried protosulphate of manga- 
nese is ignited with one-sixth its weight of finely-powdered charcoal, or when 
a current of sulphuretted hydrogen is passed over the protocarbonate or 
protosulphate heated to redness, a sulphide of manganese is obtained. It 
has a gray metallic lustre, and is soluble in dilute sulphuric and hydrochloric 
acid, with the evolution of sulphuretted hydrogen. It is identical with the 
native sulphide of manganese^ a rare ore, found in Cornwall and Transyl- 
vania. 

Sulphate of Manganese (MnOjSOg) is formed by dissolving the prot- 
oxide or protocarbonate in dilute sulphuric acid, or by mixing peroxide of 
manganese into a paste with sulphuric acid, and heating the mixture to dull 
redness ; oxygen is evolved, and the dry mass washed with water affords a 
solution of the sulphate of the protoxide, which may be crystallized by 
evaporation. This salt is used in dyeing and calico-printing. When cloth 
is passed through its solution, and afterwards through a caustic alkali, prot- 
oxide of manganese is precipitated upon it and rapidly becomes brown in 
the air ; or it is at once peroxidized by passing the cloth through a solution 
of chloride of lime. This color is called manganese hrown. 

Sulphate of manganese, as it is obtained by gentle evaporation from the 
neutral solution, forms rhombic prisms which contain 4 atoms of water. 
When the crystals are formed between 45° and 68° they contain 5 atoms of 
water ; when formed under 42° they include t atoms of water ; and when a 
concentrated solution of sulphate of manganese is mixed with sulphuric 
acid, it yields on evaporation small granular crystals containing only 1 atom 
of water. The solubility of sulphate of manganese varies with its water of 
crystallization ; the anhydrous salt is soluble in 2 parts of water at 60°, and 
in its own weight at 212°. It is insoluble in alcohol. The taste of sul- 
phate of manganese is styptic and bitterish, and the crystals have generally 
a slight tinge of pink. At 240°, they lose 3 atoms of water, but retain 1 
until heated above 400° ; at a red heat the salt becomes anhydrous. This 
compound forms double salts with potassa and ammonia. 

Sesquisulphate of Manganese (MngOg+SSOg) is formed by dissolving 
the sesquioxide in sulphuric acid : the solution is of a crimson color. When 
heated it gives off oxygen and becomes colorless ; it is instantly bleached by 
sulphurous acid or any deoxidizing agent. Its most important property is 
that of forming, with sulphate of potassa or of ammonia, double salts crys- 
tallizing in octahedra, which are manganese alums, similar in constitution to 
ordinary alum, but with Al^Og, replaced by Mn^Og (p. 342). I part of per- 
oxide of manganese mixed with 13 of oil of vitriol, and gently heated till 
half the quantity of oxygen thus separable has escaped, yields a mass from 
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which water extracts the sesquisulphate ; 1 part gives a red color to 1280 
parts of water. 

Carbide op Manganese is probably always contained in the metal 
reduced by charcoal. The quality of steel is said to be improved by the 
presence in it of carbide of manganese. The plumbago-like substance called 
kish, occasionally produced in iron furnaces, contains this carbide. 

Carbonate of Manganese (MnOjCO^) is white, insipid, and insoluble in 
water. It is precipitated as a hydrate, by alkaline carbonates, from the pro- 
tochloride or protosulphate : it becomes brown by drying in the air. Car- 
bonate of manganese constitutes the spathose manganese of mineralogy, and 
often accompanies spathose iron. 

Tests for the Salts of Manganese.— The proto-salts are soluble in 
water. The solution is either colorless or slightly pink, and has an acid re- 
action. It has a bitter astringent taste, and becomes brown and turbid when 
long exposed. 1. Sulphuretted hydrogen produces no precipitate, but hydro- 
sulphate of ammonia throws down a flesh-colored sulphide, which is easily 
dissolved by acetic acid. The precipitate becomes brown by exposure to 
air. 2. Potassa or soda throws down a white hydrated oxide, which rapidly 
becomes brown on exposure, owing to its conversion into sesquioxide. Before 
undergoing this change the precipitate is soluble in hydrochlorate of ammonia : 
it is insoluble in potassa or soda. 3. Ammonia also precipitates partially a 
white hydrated oxide, which becomes brown when exposed. 4. Garhonates 
and hicarbonaies of potassa, soda, or ammonia, throw down a white carbo- 
nate, which is dissolved by hydrochlorate of ammonia, and becomes slowly 
brown by exposure. 5. Ferrocyanide of potassium produces a white preci- 
pitate, with a shade of blue if iron is present, and red if copper is present. 
6. Ferricyanide of potassium gives a brownish-red precipitate. T. Chlorine 
produces no effect on the solution, but when any alkali is added, brown hy- 
drated peroxide of manganese is precipitated. Chloride of lime immedi- 
ately gives a brown precipitate. 8. Heat a few grains of minium in a few 
drops of strong nitric acid, and add to the liquid a small quantity of the 
peroxide of manganese. Permanganic acid is produced, which may be re- 
cognized by the pink color of the solution, so soon as the oxide of lead has 
subsided. 9. On a loop of platinum wire melt some carbonate of soda with 
a little nitre. If a mere trace of oxide of manganese be fused with the 
mixed salts in the inner flame of the blowpipe, or of a Bunsen^s jet, manga- 
nate of soda is produced, known by its greenish color (if the manganese is 
not in excess). If the wire is placed in a few drops of water in a tube, an 
emerald green solution is obtained, which, when diluted and warmed, or an 
acid is added, is converted into a pink solution of permanganate of potassa. 
This is probably the most delicate test for manganese, whether in soluble or 
in an insoluble form. 



CHAPTER XXXI. 

ZINC— tin— cadmium. 

ZiNO (Zn=32). 

The Zinc of commerce is procured from the native sulphide or carbonate 
(calamine). The ore is picked, broken into small pieces, submitted to a 
dull red heat in a reverberatory furnace, by which carbonic acid is driven off 
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from the calamine, and sulphur from the sulphide. It is then washed, ground, 
and thoroughly mixed with about one- eighth of its weight of powdered char- 
coal. This mixture is put into large earthen pots, not unlike oil -jars, six 
of which are usually placed in a circular furnace. Each pot has an iron 
tube passing form its lower part, through the floor of the furnace, and 
dipping into water; they are everywhere else firmly luted. Upon the ap- 
plication of a full red heat, the metal distils through the tube into the water 
beneath, whence it is collected, melted, and cast into cakes. This process is 
called distillatio per descensum. Commercial zinc generally contains traces 
of sulphur, iron, and arsenic. 

Zinc is a bluish- white metal, with considerable lustre, rather hard, of a 
specific gravity of about 6 '8 in its usual state, but when drawn into wire, or 
rolled into plates, its density is augmented to Y* or T'l. It has a peculiar 
odor when breathed upon, or handled with moist fingers. In its ordinary 
state and at common temperatures it is tough, but becomes brittle when 
its temperature approaches that of fusion, which is about 7T0^. At a tem- 
perature a little above 212°, and between that and 300°, it is ductile and 
malleable, and may be rolled into thin leaves or drawn into wire. If slowly 
cooled after fusion, its fracture is very crystalline. It is volatile at a bright 
red heat, and admits of distillation, but if its vapor be exposed to air, it 
burns with intense brilliancy. 

When a surface of clean and polished zinc is exposed to dry air, it remains 
bright ; in damp air it tarnishes, and then remains unchanged. Under 
water it becomes enfilmed with hydrated oxide, or with a hydrated basic 
carbonate if carbonic acid be present. At common temperatures it does not 
decompose water, but does so at a red heat, or in the presence of acids. In 
pure water, from which air has been carefully excluded, it remains bright. 
The energy with which zinc is acted on by dilute sulphuric acid is greatly 
dependent upon the purity of the metal ; when perfectly pure the action is 
feeble, but when it contains minute portions of other metals, it becomes 
rapid : this is apparently owing to a galvanic action ; and when a piece of 
pure zinc is wound round with platinum wire an equivalent effect is produced. 
Zinc and all its compounds, excepting blende, are soluble in hydrochloric 
acid ; hydrogen is evolved, when the metal is employed. A strong solution 
of potassa, or soda, when heated, also dissolves the metal with the evolution 
of hydrogen. If the zinc contains arsenic, the hydrogen evolved, whether 
as the result of the action of an acid or an alkali, is mixed with arsenuretted 
hydrogen. This may be inferred when the gas blackens paper impregnated 
with a solution of nitrate of silver. Phosphorus combined with hydrogen 
will produce a similar action on nitrate of silver. If the hydrogen contains 
sulphur, this will be indicated by the discoloration of paper impregnated with 
a salt of lead. Zinc, in consequence of its lightness and cheapness, is much 
used for roofing, gutters, and chimney-tops ; but it should not, as is some- 
times the case, be riveted with copper or iron nails, the contact of which 
with the zinc accelerates the destruction of the latter by electric action ; in- 
deed, any of the common metals in metallic contact with zinc, tend to produce 
its oxidation. 

ZiNO AND Oxygen.— -The high attraction between zinc and oxygen is 
shown by the facility with which many of the other metallic oxides, in solu- 
tion, are reduced to the metallic state by its means. Its important electro- 
generative power in Voltaic arrangements, is also referable to this cause. 
By exposing zinc to the joint action of heat and air, at a temperature just 
sufficient to fuse it, it is converted into a gray powder, which is probably a 
mere mixture of metallic zinc and oxide of zinc, although by some it is 
regarded as a true suboxide, Zn^O. 
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Oxide of Zinc (ZnO). — This is the only salifiable oxide of zinc ; it is 
obtained by intensely heating the metal exposed to air, when its vapor takes 
fire, burns with a very bright flame, and forms a white flocculent substance, 
formerly called nihil alhum, philosopher^ wool^ and flowers of zinc. When 
this combustion goes on with violence, the oxide, though in itself not volatile, 
is carried up in flocculi by the current of air, which are so light as to remain 
for a long time floating about the atmosphere. A piece of zinc-leaf may 
also be inflamed by a spirit-lamp, and will continue to burn brilliantly even 
when removed from the flame ; if inflamed and plunged into oxygen, the 
combustion is as vivid as that of phosphorus — indeed, the splendor of the 
flame probably arises in both instances from the same cause, namely, the ig- 
nition of finely-divided solid incombustible matter (p. 9^1). The oxide of 
zinc, as prepared by combustion, generally contains small particles of the 
metal, which render it gritty : it may also contain other impurities, so that 
for pharmaceutical use it should be procured by decomposing a solution of 
pure sulphate of zinc at a boiling heat by its equivalent of carbonate of soda. 
The precipitate well washed, dried, and exposed to a dull-red heat, is a pure 
oxide: or the cold solution of the sulphate maybe decomposed by carbonate 
of ammonia, and the precipitate washed and dried as before. Traces of sul- 
phuric acid, or of soda, may be detected in the oxide from cold solutions 
when carbonate of soda has been used, and if a hot solution be precipitated 
by carbonate of ammonia, the oxide will retain sulphuric acid. 

Oxide of zinc obtained by the combustion of the metal, or by passing steam 
over red-hot zinc, is sometimes crystalline ; its specific gravity is between 
5-6 and 5'Y. It is commonly met with in the form of a white powder, which 
at a high temperature acquires a yellow tint, but again whitens as it cools. 
It has been used as a pigment, both with oil and water ; and is employed 
in medicine as a tonic, and as an external application. Oxide of zinc is 
readily soluble in acids; it also dissolves, especially in the state of hydrate, 
in the caustic fixed alkalies, and in pure and carbonated ammonia. The 
strong ammoniacal solution becomes turbid when dilute, and deposits the 
oxide when boiled. When a solution of alumina in caustic potassa is mixed 
with an ammoniacal solution of oxide of zinc, a definite combination of the 
two oxides is thrown down, containing 6 atoms of alumina and 1 of oxide of 
zinc, being identical in composition with the mineral called Gahnite. 

Nitrate of Zinc (ZnO,JSr05,6HO) is a deliquescent salt, which crystal- 
lizes with difliculty in four-sided prisms ; it is very soluble in water and in 
alcohol. 

Chloride of Zinc (ZnCl) is formed by heating leaf-zinc in chlorine •, or 
by evaporating a solution of zinc in hydrochloric acid to dryness, and heating 
the residue to dull redness. It is a white translucent substance, extremely 
deliquescent, fusible at SO'O^, and volatile at a bright-red heat : its vapor 
condenses in acicular crystals. It has a nauseous styptic taste, and is power- 
fully emetic. It was formerly called butter of zinc. It is readily soluble in 
water, and the solution gives on evaporation a difficultly cry stall izable and 
deliquescent hydrate (ZnCl, HO), which, when heated in the open air, partly 
sublimes in the form of chloride, and is partly resolved into hydrochloric 
acid and oxide of zinc. Sir William Burnett's disinfectant liquid, and pre- 
servative against dry-rot, is a strong solution of chloride of zinc ; its sp. 
gr. is 1'019. Chloride of zinc forms several double salts, with the chlorides 
of the alkaline metals. Zinc combines directly with bromine and iodine to 
form a bromide and an iodide. 

Sulphide of Zinc (ZnS) may be formed by heating oxide of zinc with 
excess of sulphur ; it is also produced by heating a mixture of zinc filings 
and sulphide of mercury. When a salt of zinc is precipitated by an alkaline 
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sulphide, a white compound is obtained, which is probably a raonohydrated 
sulphide of zinc. Native Sulphide of Zinc, or Blende, occurs in crystals 
which are brittle, soft, and of different shades of brown and black. Its 
primitive form is the rhomboid al dodecahedron. It usually contains traces 
of iron and lead. It is an abundant mineral, and important as a source of 
the metal, which is obtained by roasting the ore, and afterwards exposing it 
to heat in proper distillatory vessels, mixed with charcoal. The English 
miners call it black jack. It is dissolved by nitrohydrochloric acid. 

Sulphate op Zinc (Zno,S03). — Zinc is readily oxidized and dissolved by 
dilute sulphuric acid, and hydrogen is given off; the zinc so decompovses 
water that an atom of zinc is substituted for an atom of hydrogen ; HOy 
SOg-hZn^ZnCSOg + Ii ; and a ^olwixow o^ sulphate of zinc results, which 
by evaporation affords crystals =ZnO,S03,t HO, in the form of right rhombic 
prisms. This salt is soluble at 2*6 parts of water at 60°. The crystals are 
slightly efflorescent : at 212° they lose 6 atoms of water, retaining 1 till 
heated nearly to dull redness. The anhydrous sulphate is white and friable ; 
exposed to humid air it gradually resum.es T atoms of water ; it heats when 
sprinkled with water ; at a high temperature it evolves sulphuric and sul- 
phurous acid and oxygen, and at a white heat is decomposed, leaving oxide 
of zinc. It is soluble in hydrochloric acid without decomposition. White 
vitriol, or the sulphate of zinc of commerce, is often obtained by the oxida- 
tion of blende, and is impure ; it generally contains a sulphate of zinc, to- 
gether with the sulphates of iron, copper, cadmium, alumina, and sometimes 
lead : it usually occurs in amorphous masses. The sulphate, like the chlo- 
ride of zinc, forms double salts with the sulphates of the alkalies. 

Carbonate op Zinc. — The precipitate formed by adding carbonate of 
potassa to sulphate of zinc is a mixture of carbonate and hydrated oxide, 
analogous to the magnesia alba, its formula being 2(ZnO,C02)-f 3(ZnO,HO,) 
or when precipitated in the cold, ZnO,C02-f 2(ZnO,HO). 

Native Carbonate of Zinc or Calamine, occurs both cr;ystallized and mas- 
sive. It is often found investing carbonate of lime, which has sometimes been 
decomposed, and the calamine remains in pseudo-crystals. It abounds in 
Somersetshire, Flintshire, and Derbyshire. A beautiful variety colored by 
carbonate of copper is found at Matlock. The variety of calamine known 
by the name of electric calamine, from its property of becoming electrical 
when gently heated, consists of oxide of zinc in combination with silica. 

Zinced Iron ; Galvanized Iron. — If plates of hot iron be dipped into 
melted zinc, they acquire the appearance of tin-plate, for which they are a 
valuable substitute, inasmuch as the zinced iron is prevented from oxidation 
and rusting, by the electrical relations of the metals ; the zinc, it is true, is 
more subject to oxidation than tin, but so long as any of it remains, the iron 
is protected, and when covered by a coat of paint is extremely durable. 
Hurdles, fences, and all out of door iron-work, as well as implements used in 
damp situations, and employed in contact with water, may be thus defended. 
The wires of electric telegraphs are generally of zinced iron, and their sec- 
tion, when exposed to air and water, sometimes exhibits a fresh deposition 
of zinc, arising from the galvanic precipitation of small portions of dissolved 
zinc upon the electro-negative iron. The zincing of iron is generally per- 
formed by dipping the iron, previously well cleaned, into melted zinc, the 
surface of which is kept carefully covered with sal-ammoniac to prevent 
oxidation, and so enable the iron to become thoroughly wetted as it were, 
and superficially combined with the zinc. The zinc is fused in large wrought 
iron vessels, placed over proper furnaces, and after the frequent dippings of 
the iron articles, there is ultimately found at the bottom of the melted metal, 
a quantity of a granular alloy of zinc and iron. The process is not appli- 
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cable to the generality of vessels used for culinary purposes, in consequence 
of the contaminations by oxide of zinc which would often ensue, especially 
with acidulous liquors. In using zinced iron, care should be taken that 
where nails or rivets are required, they should also be coated with zinc. 

Tests FOR THE Salts OF Zinc. — They are mostly soluble in water; the 
solutions are colorless, and have an astringent and metallic taste. 1. Fotassa, 
soda^ and ammonia, form white precipitates, soluble in an excess of the alkali, 
and in dilute sulphuric acid. In this case the precipitate is distinguished 
from alumina by its solubility in excess of ammonia, as well as in chloride of 
ammonium. 2. The precipitate formed in solutions of zinc by the carbonates 
of potassa and soda is not soluble in excess of these carbonates, but when 
carbonate of ammonia is employed, the precipitate produced is again dissolved. 
Zinc is thus separated from alumina and alkaline earths. 3. Sulphuretted 
hydrogen throws down a white hydrated sulphide of zinc in neutral solutions, 
but not in those which are acid or alkaline. 4. Hydrosulphate of ammonia 
produces a white, or yellowish-white precipitate. 5. Ferrocyanide of potas- 
sium gives a white bulky precipitate, and ferricyanide a brownish precipitate. 
The soluble phosphates, oxalates, and borates, produce white precipitates 
soluble in acids and alkalies. The salts of zinc which are insoluble in water, 
dissolve in dilute sulphuric acid, and are precipitated by ammonia, but are 
redissolved by an excess of acid or of precipitant. Metallic zinc is not thrown 
down from its solutions by the other metals, with the occasional exception, 
however, of iron. 

The special characters of a salt of zinc are, that the oxide is soluble both 
in potassa and ammonia, and that from the alkaline solutions it is precipitated 
as a white sulphide by sulphuretted hydrogen, but it is not precipitated from 
them by chloride of ammonium. By these characters it is distinguished from 
alumina and other oxides which are soluble in potassa. Zinc is the only 
metal which forms a white sulphide with sulphuretted hydrogen. 

Before the blowpipe, or on platinum foil, oxide of zinc becomes yellow 
when heated, but whitens as it cools. A small proportion forms with borax 
a clear glass, which becomes opaque on increasing the quantity of oxide. If 
a drop of nitrate of cobalt is added to the oxide, and this is dried and ignited, 
it becomes green. With soda, in the interior flame, oxide of zinc is reduced, 
and the metal burns with its characteristic flame, depositing its oxide upon 
the charcoal. Mixed with oxide of copper, and reduced, the zinc will be 
fixed and brass obtained. 

Tin (Sn=50). 

Tin (Jupiter J/ of the alchemists) has been known from remote ages, and 
was obtained at a very early period from Spain and Britain by the Phoeni- 
cians. It occurs most abundantly in Cornwall, the mines of which afford 
about 3000 tons annually : it is also found in Germany, Bohemia and Hun- 
gary ; in Chili and Mexico ; in the Peninsula of Malacca ; and in India, in 
the Island of Banca. The native peroxide is the principal ore of tin: the 
metal is obtained by heating it to redness with charcoal or culm, and a little 
lime ; the first product is impure and is returned into the furnace, and care- 
fully heated so as to fuse the tin, which runs off into an iron kettle, while 
the principal impurities remain unmelted ; in the kettle the tin is kept in 
fusion, stirred, and agitated by plunging wet charcoal into it, by which a 
quantity of impurities collect upon the surface, and are removed by a skim- 
mer : thus refined, the metal is cast into blocks of about 3 cwt. each. The 
common ores are known under the name of mine tin^ and furnish a less pure 
metal than that obtained from stream tin. The purest tin is known under 
the name of grain tin^ a term formerly applied exclusively to the metal ob- 
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tained from the stream ore : Uoch tin is less pure, and is the produce of the 
common ore. The peculiar columnar fracture which pure tin exhibits when 
broken, is given by heating the ingot till it becomes brittle, and then letting 
it fall from a height upon a hard pavement. 

Tin has a silvery-white color, with a slight tint of yellow, and when so 
viewed as to exclude the white light reflected from its surface, it is decidedly 
yellow : it is softer than gold, but harder than lead : it is malleable, though im- 
perfectly ductile. What is termed tin-foil is the metal beaten out into thin 
leaves, but it is seldom pure : the common commercial article generally con- 
tains from 30 to 40 per cent, of lead ; and the foil frequently used for pack- 
ing articles of food, confectionery, tea, &c., is lead thinly plated with tin, 
and is more easily oxidized than the separate metal^, so that it may in some 
cases give rise to lead-poisoning. Traces of arsenic are also not uncommon 
in it. The sp. gr. of tin fluctuates from 7;28 to *7*6, the lightest being the 
purest metal. When bent, it occasions a peculiar crackling noise ; and 
when rapidly bent backwards and forwards several times successively, it be- 
comes hot. When rubbed, it exhales a peculiar odor. It melts at 442^, 
and slightly contracts on consolidation. By exposure to heat and air it is 
gradually converted into protoxide ; but if the heat be continued till metallic 
tin no longer remains, the protoxide passes into peroxide. Placed upon 
ignited charcoal under a current of oxygen gas, it enters into rapid combus- 
tion, forming the peroxide ; and if an intensely-heated globule of the metal 
be thrown upon a sheet of dark-colored paper, it subdivides into small par- 
ticles, which burn very brilliantly, and leave lines of white oxide. It vola- 
tilizes at a very high temperature. When a polished surface of tin is heated 
it becomes yellow and iridescent, in consequence of superficial oxidation. A 
preparation, under the name of powdered tin, is sometimes made by shaking 
the melted metal in a wooden box rubbed with chalk on the inside. The 
substance called tin putty, used for polishing plate, is made by levigating the 
crusts of oxide that form on melted tin. 

Protoxide of Tin ; Stannous Oxide (SnO) is obtained by precipitating 
a solution of protochloride of tin by ammonia ; it falls in the state of hydrate : 
when dried, out of the contact of air, it is of a dark color. When the pro- 
tochloride is decomposed by a carbonated alkali, the precipitate is also a 
hydrated protoxide, retaining no carbonic acid. It is obtained anhydrous, 
by heating it in a glass tube, passing a current of dry carbonic acid over it 
till the water is carried ofi^, and suffering it to cool out of the contact of air. 
The specific gravity of this oxide is 6*6. It forms a dark-gray or black 
powder, which, on the contact of a red-hot wire, burns like tinder into per- 
oxide. In the hydrated state it dissolves readily in sulphuric, hydrochloric, 
and dilute nitric acids, as well as in caustic potassa and soda, but not in am- 
monia, nor in the alkaline carbonates. It is soluble in lime-water, and in 
baryta-water. Its alkaline solution, when long kept, deposits metallic tin in 
arborescent crystals, and becomes a solution of the peroxide. 

Sesquioxide of Tin (Sn^OJ. — When a solution of protochloride of tin 
is mixed with moist hydrated sesquioxide of iron and boiled, an interchange 
of elements takes place, by which protochloride of iron and sesquioxide of 
tin are formed: in this case, 2(SnCl) and PcgOg, become Sn^Ogand 2(PeGl). 
The .solubility of this oxide in ammonia distinguishes it from protoxide; and 
its giving a purple precipitate with chloride of gold from peroxide. It is 
soluble in concentrated hydrochloric acid. It may be represented as a stan- 
nate of the protoxide by the formula SnO,Sn03. 

Peroxide of Tin ; Binoxide of Tin (SnOg).— This is the common ore of 
tin : in its crystalline form it is insoluble in acids, but when heated with 
potassa or soda it forms a soluble compound. There are two remarkable 
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varieties of the hydrate of this oxide, which have been distinguished as stan- 
nic and metastannic acid. Stannic acid (SnOgHO) is obtained by precipi- 
tating a solution of bichloride of thi by ammonia, and washing and carefully 
drying the precipitate : it is soluble in acids, and in solutions of potassa and 
soda, but not in ammonia. When heated to about 300^, it passes into 
metastannic acid. Stannate of potassa is formed when peroxide of tin is 
heated with potassa : the product, when dissolved and evaporated, yields 
crystals (KO,Sn02,4HO). Their aqueous solution is alkaline, absorbs car- 
bonic acid, and is precipitated by most of the salts of potassa, soda, and 
ammonia. Stannate of soda (]SraO,Sn02,4HO) may be similarly prepared 
and crystallized: it is largely used as a mordant by dyers and calico-printers. 

Metastannic acid is the result of the action of nitric acid upon tin : in its 
most concentrated form this acid does not immediately act, but on the addi- 
tion of a few drops of water violent effervescence ensues, much heat is 
evolved, together with nitric oxide and nitrous acid vapor ; some nitrate of 
ammonia is also formed (p. 168); and the metastannic acid remains in the 
form of a white insoluble powder ; it may be purified by washing, and dried 
at a dull-red heat. When dried in the air it consists of Sn.O^ojlOHO: dried 
at 21 2° it loses 5II0, and at a red heat becomes anhydrous, and acquires a 
pale buff color. Hydrated metastannic acid is insoluble in nitric acid : it 
dissolves in sulphuric acid, forming a compound soluble in water, but decom- 
posed by boiling. It dissolves in solutions of potassa and soda and their 
carbonates, but not in ammonia. The metastannates are not crystallizable. 
When the hydrated acid is moistened with protochloride of tin it forms a 
characteristic yellow metastannate of tiri. 

Native Peroxide of Tin is generally gray, brown, or black, and sometimes 
transparent or translucent ; its specific gravity is 7 ; its primitive crystal is 
an obtuse octahedron, of which the modifications are extremely numerous. 
In some of the valleys of Cornwall it is found in nodules mixed with pebbles, 
and is called stream tin. A modification of stream tin, in small banded frag- 
ments or globular masses, is called wood tin. 

Protochloride op Tin (SnCl) is obtained by subjecting a mixture of 
equal weights of calomel and of an amalgam of tin and mercury to distilla- 
tion, in a retort gradually raised to a dull-red heat ; or a mixture of 1 part 
of tin filings and 2 of corrosive sublimate may be treated in the same way. 
When hydrochloric acid gas is passed over heated tin a glass tube, the 
protochloride is also formed and hydrogen given off. When tin is dissolved 
in hydrochloric acid, the solution evaporated, and the dry residue carefully 
heated to incipient redness in a small tube retort, so as to exclude air, the 
protochloride of tin remains nearly pure. It is in the form of a gray solid, 
fusible and volatile at a high heat {Butter of Tin). When its solution in a 
small quantity of water is evaporated it yields prismatic crystals, which 
include 3 atoms of water, of which the greater part may be expelled at 212°. 
When a large quantity of water is poured upon these crystals they are partly 
decomposed, hydrochloric acid is separated, and a white powder formed, 
which is an oxichloride of <i'/z=SnO,SnCl,2HO. The protochloride of tin, 
or salt of tin of commerce, is made by putting 1 part of granulated tin into 
a basin upon a sand-bath, and pouring upon it 1 part of hydrochloric acid, 
so that when heated it may be exposed to the joint action of the acid and 
air ; after some hours 3 parts more of the acid are added, and the mixture 
stirred and digested till a saturated solution is obtained. During the pro- 
cess, fetid hydrogen gas is given off, and the greater part of the tin is dis- 
solved ; when the clear liquor is poured off it is set aside to crystallize ; the 
mother-liquors are again evaporated as long as they afford crystals, and the 
residue is afterwards employed for conversion into bichloride. 
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In consequence of the decomposition above mentioned, the aqueous solu- 
tion of protochloride of tin is turbid, but becomes clear on the addition of 
hydrochloric acid. This acid solution quickly absorbs oxygen, and, when 
iidded to certain metallic solutions, it revives or deoxidizes them. It preci- 
pitates sulphur from sulphurous acid. It reduces the persalts of iron to pro- 
tosalts, and converts arsenic acid into arsenious acid, and chromic acid into 
oxide of chromium. With a weak solution of corrosive sublimate it forms a 
gray precipitate of metallic mercury. Added to a dilute solution of chloride 
of platinum it changes its color to a deep blood-red. With solution of gold 
it produced a purple precipitate used in painting porcelain, and known under 
the name of Purple of Gassius. With infusion of cochineal it produces a 
purple precipitate; and it is much used to fix and alter colors in dyeing and 
calico-printing. 

Perchloride op Tin (SnClJ. — If tin is heated in excess of chlorine, or 
if a mixture of 1 part of tin filings and 4 of corrosive sublimate is distilled, 
the perchloride will pass over. It is a transparent colorless fluid, formerly 
called Lihavius^s Fuming Liquor: it exhales copious fumes when exposed 
to moist air; and with one- third its weight of water it forms a crystallized 
hydrate ==(SnCl25HO). It does not congeal at —20°. Its boiling point 
is 250*^; and the density of its vapor is 9*19. It is instantly decomposed 
by metallic zinc, forming chloride of zinc and a precipitate of metallic tin. 
A solution of perchloride of tin muqh used by dyers, is made by dissolving 
tin in a mixture of 2 measures of hydrochloric acid, 1 of nitric acid, and 1 
of water. The perchloride forms double salts with the chlorides of ammo- 
nium, potassium, and sodium. 

Protosulphide op Tin (SnS) may be formed by heating tin with sulphur. 
A hydrated protosulphide of tin is precipitated from the salts of the pro* 
toxide, by sulphuretted hydrogen ; it is of a brownish-black color, and 
loses water when heated. Sulphide of tin is a brittle black compound, 
soluble in hydrochloric acid with the evolution of sulphuretted hydrogen. 

Sesqui sulphide op Tin (Sn^S^) is obtained by heating the protosulphide 
with one-third its weight of sulphur: it is of a yellowish-gray color, metallic 
lustre, and when digested in hydrochloric acid gives out sulphuretted hydro- 
gen, and leaves a yellow residue of bisulphide. 

Bisulphide op Tin (SuSJ is obtained as follows: Take 12 oz. of tin 
and amalgamate it with 6 oz. of mercury; reduce it to powder, and mix it 
with t oz. of sublimed sulphur and 6 oz. of salammoniac, and put the 
whole into a glass matrass placed on a sand-bath. Apply a gentle heat till 
the white fumes abate, then raise the heat to redness, and keep it so for a 
due time. On cooling and breaking the matrass, the bisulphide of tin is 
found at the bottom. The use of the mercury is to facilitate the fusion of 
the tin and its combination with the sulphur, while the sal-ammoniac pre- 
vents such increase of temperature as would reduce the tin to the state of 
protosulphide. A hydrated bisulphide of tin is formed by decomposing a 
solution of perchloride of tin by sulphuretted hydrogen. The precipitate 
becomes of a dingy yellow when dried, and has a vitreous fracture. 

The extraordinary golden lustre of the bisulphide of tin, and its flaky 
texture, rendered it an object of great interest to the alchemist: it was 
termed aurum musivum^ and mosaic gold. When well made, it is in soft 
golden flakes, friable and adhering to the fingers; sp. gr. 4*4 to 4*6. It is 
insoluble in acids, except in nitrohydrochloric acid; it is soluble in caustic 
potassa, but not without partial decomposition. It dissolves in sulphide of 
sodium, and the concentrated solution yields crystals of a hydrated double 
sulphide, the formula of which is 2NaS+SnS3H-12HO. It is used for 
ornamental work, under the name of bronze-powder, especially by the manu- 
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facturers of paper-hangings: it is chiefly imported from Holland and Ger- 
many. 

Tin pyrites is a rare mineral composed of the disulphides of copper and 
iron with bisulphide of tin,=2(re3,S)SnS3+2(Cu3,S)SnS3. 

Sulphates of Tin. — When excess of the tin is boiled in sulphuric acid, a 
solution is obtained which deposits white acicular crystals of protosulphate 
of tin. Protosulphate of tin is also precipitated by pouring sulphuric acid 
into protochloride of tin. When tin is boiled in excess of sulphuric acid, 
a> persulphate is formed. 

Alloys.- — Tin-plate is a most useful alloy of tin and iron, in which iron 
plate is superficially combined with tin, and to the surface of which a quan- 
tity of tin further adheres, without being in combination. It is made by 
dipping cleansed iron plates into a bath of melted tin. An objection to 
such combinations is, that in consequence of the electrical relations of the 
metals, the iron, if anywhere exposed, has an increased tendency to oxida- 
tion; for although the surface of the tin itself is sufficiently durable, no 
sooner is any portion so abraded as to denude the iron, than a spot of rust 
appears and rapidly extends : hence the superiority of iron plate covered 
by zinc instead of tin, zinc being electro-positive, whereas tin is electro- 
negative in regard to iron, under the influence of common oxidizing agents. 

Moire metallique is tin plate which has been superficially acted on by an 
acid, so as to display, by reflected light, the crystalline texture of the tin: 
the tin plate being best suited for the purpose is that which has rather a 
thick coating of pure tin. It should first be well cleansed by washing its 
surface with a little caustic potassa, then in water, and drying it. The acid 
employed is always some modification of the nitrohydrochloric, more or less 
diluted; a mixture of 8 parts of water, 2 of nitric, and three of hydrochloric 
acid, generally answers well. The plate should be slightly heated, and then 
quickly sponged ovei;with the acid, so as to bring out the moire; it should 
then be immediately dipped into water containing a little potassa dissolved 
in it, well washed, and perfectly dried. If the acid has blackened or oxi- 
dized the surface, a solution of caustic potassa will generally clean it. The 
crystals on the unprepared tin plate are usually large and indistinct, so that 
it is often modified expressly for the purpose, by heating it up to the point 
of the fusion of the tin, powdering it over with sal-ammoniac to remove the 
oxide, and then plunging it into cold water; in this way the crystals are 
generally small. By sprinkling the surface of the heated plate with water, 
or by only partially fusing the tin by holding the plate over the flame of a 
spirit-lamp, or running a blowpipe flame over it, various modifications of 
the crystalline surface may be obtained, or different devices sketched as it 
were upon it. The plates are generally finished by a coating of transparent 
or colored varnish. 

The tinning of pins is effected by boiling them for a few minutes in a 
solution of 1 part of bitartrate of potassa, 2 of alum, and 2 of common salt, 
in 10 or 12 of water, to which some tin filings, or finely granulated tin are 
added ; they soon become coated with a film of tin, and are then taken out, 
cleaned and dried. The pins are made of brass wire, and require to be per- 
fectly clean before they are put into the tinning liquor. Tin medals, or casts 
in tin, are bronzed by being first well cleaned, wiped, and washed over with 
a solution of 1 part of protosulphate of iron, and 1 of sulphate of copper, 
in 20 of water : this gives a gray tint to the surface ; they are then brushed 
over with a solution of 4 parts of verdigris in 11 of distilled vinegar; left 
for an hour to dry ; and polished with a soft brush and calcothar. 

Tests for the Salts of Tin. — 11\\q protosalts are colorless and acid; they 
are generally represented by protochloride : 1. Sulphuretted hydrogen, and 
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hydrosulphate of ammonia, give a deep brown precipitate of protosulphide 
(SnS). This is dissolved by an excess of the hydrosulphate, and is con- 
verted into bisulphide (SnSJ. Acids throw it down yellow from this solu- 
tion. 2. Potassa gives a white precipitate (hydrated oxide), soluble in an 
excess of the alkali, and in hydrochlorate of ammonia. 3. Ammonia, and 
alkaline carbonates and bicarbonates produce, in diluted solutions, white pre- 
cipitates, insoluble in an excess of the reagents as well as in hydrochlorate 
of ammonia. 4. Corrosive sublimate gives a white precipitate, becoming 
gray or black when heated, provided the salt of tin is in excess. This is 
owing to the separation of metallic mercury. 5. Chloride of gold gives, 
with a diluted solution, a red-brown color, which becomes of a deep purple 
red when heated. 6. When heated with a salt of copper, the salt is reduced 
to white dichloride, which is precipitated on the addition of water. A piece 
of granulated zinc, placed in the diluted liquid acidified, separates tin in crys- 
tals. The persalts of tin (perchloride) : 1. Sulphuretted hydrogen and hydrosul- 
phate of ammonia give a dingy yellow precipitate of bisulphide of tin, which 
is soluble in an excess of the hydrosulphate. 2. Potassa gives a white pre- 
cipitate soluble in an excess of the alkali, but insoluble in hydrochlorate of 
ammonia. 3. Ammonia, and all alkaline carbonates give a white precipitate, 
insoluble in an excess and in the hydrochlorate of ammonia. 4 and 5. Cor- 
rosive sublimate and chloride of gold produce no change in the solution. In 
a mixture of proto and persalts, chloride of gold in small quantity, gives a 
deep ruby-red color, or precipitate. 

Cadmium (Cd==56). 

This metal was discovered in 1817 by Stromeyer; he called it Cadmium, 
from xabixsia, a term formerly applied both to calamine and to the substance 
which sublimes from the furnace during the manufacture of brass. It is con- 
tained in certain ores of zinc, and being more volatile than zinc, passes over 
with the first portions of distilled metal, from which it may be separated by 
dissolving it in dilute sulphuric acid, and passing sulphuretted hydrogen 
through the solution : the sulphide of cadmium thus precipitated, is then 
dissolved in hydrochloric acid, and precipitated by carbonate of ammonia. 
This precipitate, after having been washed and dried, is mixed with charcoal, 
and reduced in an earthen retort; the cadmium passes over at a dull red heat. 

Cadmium, in its physical properties, much resembles tin, but it is rather 
harder and more tenacious : it crackles when bent. Its sp. gr. is from 8*60 
to 8* 69. It fuses at about the temperature required by tin, and distils over 
a heat somewhat below redness, condensing into metallic globules : its vapor 
is inodorous. Air scarcely acts upon it except when heated, when it forms 
an orange-colored oxide, not volatile, and easily reducible. Owing to the 
production of this fixed oxide, the metal cannot be volatilized except in 
close vessels or tubes of narrow bore. A portion is always converted into 
yellow oxide during sublimation. 

Oxide of Cadmium (CdO).— -Cadmium slowly dissolves in dilute sulphuric 
or hydrochloric acid, with the evolution of hydrogen. The oxide is best 
obtained by dissolving the metal in dilute nitric acid, and precipitating it in 
the state of carbonate, which is then washed, dried and ignited. It is of a 
reddish-brown or orange color, neither volatile nor fusible ; but when mixed 
with carbonaceous matter it appears to be volatile, in consequence of its easy 
reduction, and the oxidation of the separated cadmium. When thrown down 
from its solutions by alkalies, it forms a white hydrate, which absorbs carbonic 
acid from the atmosphere, and is soluble in excess of ammonia, but insoluble 
in potassa and soda. 
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IsTiTEATE OF Cadmium (CdO,!N054HO) forms radiated acicular crystals, 
which are deliquescent, and soluble in alcohol. 

Chloride of Cadmium (CdCl) is formed by dissolving the hydrated oxide 
in hydrochloric acid : on evaporation, small prismatic crystals are obtained, 
very soluble in water ; they readily fuse, and, losing water, concrete into a 
lamellar crystalline mass of anhydrous chloride, which, at a very high tem- 
perature, is volatile, and condenses in the form of a nacreous sublimate. It 
forms double salts with the alkaline chlorides. 

Bromide of Cadmium (CdBr) This may be procured by digesting in a 

tubulated retort connected with a receiver, 2 parts of cadmium in fine shav- 
ings, 1 part of bromine, and 10 of water. When the reaction has ceased, 
and the liquid is colorless, it maybe filtered, and concentrated in a porcelain 
vessel. White, silky-looking prismatic crystals are deposited ; they are 
readily dissolved by water, alcohol, and ether. 

Iodide of Cadmium (Cdl) The iodide may be procured directly by a 

process similar to that above described for the preparation of the bromide. 
The proportions are, 2 parts of cadmium in fine shavings, 4 parts of iodine, 
and 10 parts of water. The operation is continued until the liquor is 
colorless. It is then evaporated, and the iodide is deposited on cooling, in 
white scaly crystals of a nacreous appearance. It is soluble in water, alco- 
hol, and ether. This salt is remarkable for its fixedness, whether solid or in 
solution. With the bromide, it is largely used in photography. Collodion, 
prepared with iodide or bromide of cadmium, retains its properties un- 
changed for a long period. 

Sulphide of Cadmium (CdS) is obtained in the form of a bright yellow 
powder, insoluble in ammonia and in the fixed alkalies, by precipitating the 
solutions of the metal with sulphuretted hydrogen, or an alkaline sulphide. 
It dissolves, with the evolution of sulphuretted hydrogen, in hydrochloric 
acid, and is not volatile at a white heat. It furnishes a yellow pigment, 
which mixes well with other colors, and closely resembles sulphide of arsenic. 

Sulphate of Cadmium (CdO,S034HO) yields transparent prismatic crys- 
tals, very soluble in water, and forming a double salt with sulphate of potassa. 

Carbonate of Cadmium (CdO,C02) is a white anhydrous powder, which 
loses its acid at a red heat. 

Tests for the Salts of Cadmium. — 1. Sulphuretted hydrogen gives a 
bright yellow, passing to an orange-yellow precipitate, even in acid solutions. 
This precipitate is insoluble in potassa and ammonia, but is dissolved by strong 
hydrochloric acid. By these properties, the sulphide of cadmium is easily 
distinguished from that of arsenic. 2. Hydrosulphate of ammonia gives a 
yellow sulphide, insoluble in an excess of the reagent. 3. Potassa throws 
down a white oxide, insoluble in an excess of the alkali, and in hydrochlorate 
of ammonia. 4. Ammonia, a white oxide, soluble in excess, not precipi- 
tated by hydrochlorate of ammonia, but thrown down as yellow sulphide by 
sulphuretted hydrogen. 5. Carhonate of ammonia and other alkaline car- 
bonates, a white precipitate, insoluble in excess. 6. Ferrocyanide of potas- 
sium gives a white precipitate, insoluble in hydrochloric acid ; and the fer- 
ricyanide a brownish-yellow precipitate, soluble in a large excess of hydro- 
chloric acid. Zinc precipitates cadmium in its metallic state from its solu- 
tions. 
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CHAPTER XXXII. 

COPPER AND LEAD. 

COPPEE (Ce = 32), 

Copper, Cup7mm, or Venus, of the alchemists ( 9 ), was known in the early 
ages of the world, and was the principal ingredient in the manufacture of 
domestic utensils, and instruments of war, previous to the discovery of malle- 
able iron. The word copper is derived from Cyprus, the island where it was 
first wrought by the Greeks. It is found native, and in various states of 
combination. The sulphides are its most abundant ores, and from them^ 
commercial demands are almost exclusively supplied. 

Manufacture of Copper. — The ore^ having been picked and broken, is 
heated in a reverberatory furnace, by which arsenic and sulphur are in great 
part driven off. It is then transferred to a smaller reverberatory, where it 
is fused, a large portion of the sulphide of iron having been converted into 
oxide, which, by the addition of silicious sand, forms a vitreous slag. When 
the iron is thus separated, the sulphur begins to burn out of the sulphide of 
copper, and the copper becoming oxidized, is reduced by the carbonaceous 
matter. The impure matal is then granulated by letting it run into water i 
it is afterwards remelted and granulated two or three times successively, in 
order further to separate impurities, which are chiefly sulphur, iron, and 
arsenic ; and it is ultimately cast into oblong pieces called pigs, which are 
broken up, roasted, and melted with a portion of charcoal in the refining 
furnace. Malleability is here conferred upon the copper, and its texture im- 
proved, by stirring the metal with a pole of green wood : assays are occa- 
vsionally taken out, and the metal, originally crystalline and granular when 
cold, now becomes fine and close, so as to assume a silky hue when the 
assays are half cut through and broken. The metal is then cast into cakes. 
The whole process of refining copper, and toughening it by poling, requires 
much care ; and if it be over-poled, the metal is even rendered more brittle 
than in its original state. The effect of poling has not been satisfactorily 
explained : it may consist in the separation of a small portion of oxide of 
copper ; and the effect of over-poling may possibly depend upon the combi- 
nation of the copper with a portion of carbon. Copper for brass-making is 
granulated by pouring the metal through a perforated iadle into water ; 
when this is warm, the copper assumes a rounded form, and is called hean- 
shot; but if a constant supply of cold water is kept up, it becomes ragged, 
and is called feathered shot. Another form into which copper is cast, 
is in pieces of the length of six inches, and weighing about eight ounces 
each : the copper is dropped from the moulds, immediately on its becoming 
solid, into a cistern of cold water, and thus, by a slight oxidation of the 
metal, the sticks acquire a rich red color on the surface. This is called 
Japan copper. 

Copper may be obtained by the voltaic decomposition of a solution of the 
sulphate ; or by dissolving the copper of commerce in nitric acid, with the 
addition of a little sulphuric acid ; the solution is diluted^ and a plate of iron 
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is immersed, upon which the copper is precipitated ; after having been pre- 
vioasly washed in dilute sulphuric acid, to separate a little adhering iron, it 
may be fused into a button. 

The usual impurities in ordinary copper are traces of arsenic, antimony, 
tin, lead, iron, oxide of copper, and carbon. From recent researches it 
appears that all English *' refined" copper, whether in the state of foil or the 
finest wire, contains a notable proportion of arsenic. This impurity does not 
affect the ductility or malleability of copper to the extent alleged by some 
chemical writers ; but, according to Dr. Mathiessen's experiments, it 
diminishes to a considerable extent the conducting power of the metal in 
reference to electricity, so that such interference might almost be made a test 
of the presence of this impurity. Copper free from arsenic cannot be 
obtained, except with the greatest difficulty. The presence of arsenic in 
small quantity is easily overlooked, and thus samples which contain it are 
frequently sold as pure. The Burra Burra copper, as well as about forty 
samples of copper, British and foreign, which we have examined, contained 
arsenic in variable proportion. The arsenic is associated in the ore with 
the sulphides of iron and copper, and cannot be expelled from the metal by 
heat, or in the ordinary process of refining. Some coppers from America, 
obtained from native carbonates, have been found free from arsenic. We have, 
under Oxidb op Copper (p. 388), given a process for obtaining this metal 
pure ; and under (Subchloride of Copper (p. 390), we have described a 
method for the detection of arsenic in copper. 

Properties. --^Co^pev is the only metal which has a red color : it has much 
lustre, and is very malleable, ductile, and tenacious: it exhales a peculiar smell 
when warmed or rubbed. It melts at a temperature intermediate between 
the fusing-points of silver and gold, = 1996^ Fahr., and when in fusion 
absorbs small quantities of oxygen, which again escape when the metal 
solidifies, occasioning a spirting out of portions of the liquid metaL At a 
very high temperature, copper emits fumes which condense upon cold surfaces 
into minute globules of protoxide with a metallic nucleus. Its specific 
gravity varies from 8*^88 to 8*958; the former being the least density of 
east copper, the latter the greatest of rolled or hammered copper. The sp. 
gr. of some samples of copper, containing a little of the protoxide, does not 
exceed 8*5, and such copper is of inferior ductility. When copper is in a 
state of extreme division, it burns like tinder ; under a flame urged by oxygen 
gas, it burns with a green light. Exposed to damp air, copper becomes 
covered with a thin greenish crust of hydrated oxide and carbonate. If 
heated and plunged into water, a, quantity of reddish scales separate, con- 
sisting of an imperfect oxide. The same scales fly off, during cooling, from 
a plate of the metal which has been heated red-hot. Copper does not 
decompose water at a red heat. It deoxidizes nitric acid (sp. gr. 1*5) 
rapidly in the cold. It has no action on sulphuric acid, except at a boiling 
temperature, when it deoxidizes this acid, and sets free sulphurous acid. 
Hydrochloric acid exerts no action on it in the cold, unless the metal is at 
the same time exposed to air; but if heated, chloride of copper is formed, 
and hydrogen escapes. Hydrogen, however, is only slowly eliminated, even 
under these circumstances, and it is commonly combined with arsenic or 
antimony. 

Native copper occurs in a variety of forms ; massive, dendritic, granular, 
and crystallized in cubes or octahedra. It is found in Cornwall, Siberia, 
Saxony, Hanover, Sweden, America, Cuba, and Australia. 

Copper AND Oxygen. — There are two oxides of copper, a suboxide or 
dioxide, CuqC, and a protoxide, CuO : the latter is the basis of the stable 
and common salts of copper. The dioxide combines directly with only a few 
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of the acids, and is in most cases resolved by them into metallic copper arid 
the oxide : (Cu30 = Cn + CuO). 

Suboxide of Copper ; Dioxide of Copper (CUqO).— This oxide may be 
formed by adding to an aqueous solution of equal weights of sulphate of 
copper and sugar, a sufficiency of soda to redissolve the first precipitate, and 
then boiling the resulting blue liquor : the suboxide falls as a red powder^ 
which, when washed and dried, is permanent in the air. By boiling a 
solution of acetate of copper with a sufficiency of grape-sugar, it is readily 
obtained without the addition of caustic alkali. It is yellow or orange- 
colored in the hydrated state, as it is at first precipitated ; but it becomes 
anhydrous and of a deep red color, by continued boiling. This oxide 
occurs native as Rithy copper ^ crystallized in octahedra. When dioxide of 
copper is heated in the air, it passes into oxide. The dilute acids mostly 
decompose it and separate metallic copper. It dissolves in concentrated 
hydrochloric acid ; it also dissolves in ammonia, forming a colorless solution 
when kept from air; but it is not soluble in solutions of potassa or of soda. 
Its salts are frequently formed by the action of deoxidizing agents on the 
protosalts. 

Copper vessels, such as tea-urns, and medals, are often superficially coated 
with oxide, or bronzed ; it gives them an agreeable appearance, and prevents 
tarnish. For this purpose two processes are resorted to. 1. The copper 
surface is cleaned, and then brushed over with peroxide of iron (generally 
colcothar) made into a paste with water, or with a very dilute solution of 
acetate of copper ; heat is then cautiously applied in a proper furnace or 
muffle, till it is found, on brushing off the oxide, that the surface beneath has 
acquired its proper hue. 2. Two parts of verdigris and one of sal-ammoniac 
are dissolved in vinegar : the solution is boiled in a pipkin, skimmed, and 
diluted with water until it only tastes slightly of copper and ceases to deposit 
a white precipitate : it is then poured into another pipkin or copper pan, 
and rapidly brought to boil, and the medal, previously rendered perfectly 
clean, is dipped into the boiling solution, which may be most conveniently 
done by placing it in a small perforated copper ladle. The surface of the 
medal becomes at first black or dark blue, and, in about five minutes, acquires 
the desired brown tint ; it must then be instantly withdrawn and washed in 
a stream of water, and lastly, carefully wiped and dried. The medal is 
generally perfected by afterwards giving it one gentle pinch between the dies. 
When there are many medals, each must be bronzed separately ; they must 
not be allowed to touch each other, and care should be taken to rest them 
upon as few points of contact as possible. * The bronzing-liquid must not be 
suffered to concentrate by evaporation, but must be diluted if necessary, so as 
to keep it in a proper state, and especially to avoid all appearance of a white 
precipitation in it. 

Oxide of Cowm^^^Protoxide (CuO).— -When sheet copper is exposed in 
the air to a red heat, black scales form upon it, which are thrown off on 
plunging it into water, or which fly off as it cools, in consequence of the 
comparatively rapid contraction of the metal. When these scales are re- 
duced to powder, and stirred in contact of air at a red heat, they yield the 
oxide. Wh-en nitrate of copper is exposed to heat gradually raised to red- 
ness, it fuses and is decomposed, and ultimately this oxide remains. The 
oxide may be at once prepared in large quantity, by dissolving copper in one 
part of nitric acid and two parts of water, evaporating to dryness, and heat- 
ing the residue to redness in a platinum dish. The arsenic contained in 
'' refined" copper is converted into arsenic acid. It may be separated from 
the black oxide by boiling it in distilled water, until nitrate of silver no 
longer giv^s a red color with the residue of the evaporated water. When 
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the purified oxide is dissolved in sulphuric acid, and the metal is precipitated 
by voltaic electricity, it is free from arsenic, and may*>be regarded as pure 
copper. Thus procured, it is brittle, and admits of lamination with diffi- 
culty. It requires frequent annealing to reduce it only to a moderately thin 
sheet. 

Oxide of copper is black ; its specific gravity is 6 "4. Before the blow- 
pipe, it fuses when intensely heated in the point of the flame, upon charcoal : 
in the interior of the flame it affords a globule of metal. Heated alone, ifc 
is not decomposed at the highest temperature, but it is easily and rapidly 
decomposed at a dull red heat, or even below it, by hydrogen or carbon. It 
is also decomposed when heated in contact with organic substances, convert- 
ing their hydrogen into water, and their carbon into carbonic acid ;^ hence 
its use in their analysis: it is hygrometric, and if weighed whilst hot, aug- 
ments in weight after cooling, in consequence of the absorption of aerial 
moisture. It is insoluble in water, but it dissolves in the greater number of 
the acids, and is the basis of all the common salts of copper. When alkalies 
are dropped into its solutions, they throw it down as a bulky blue hydrate, 
which, however, is not permanent at a boiling heat, but becomes black and 
anhydrous when boiled in an excess of the alkaline liquid. This oxide of 
copper is not soluble in the liquid fixed alkalies, except in the presence of 
sugar, tartrate of potassa, albumen, caseine, glycerine, and some other sub- 
stances. With grape-sugar and an excess of the alkaline liquid, the hydrated 
oxide of copper forms a rich sapphire-blue solution, which reduces the pro- 
toxide to suboxide slowly in the cold but rapidly when heated. This con- 
stitutes Trommerh test for sugar. Other reducing agents operate in a similar 
manner. Thus, if arsenious acid is present, potassa forms with the oxide, a 
blue sohition which, when boiled, yields, like sugar, a hydrated or anhydrous 
suboxide of copper. When carbonate of potassa or of soda is fused with 
it, it expels carbonic acid, and combines to form a blue or green compound. 
Its combination with ammonia will presently be noticed. It communicates 
a green, and sometimes a blue tint to vitreous compounds ; and is the basis 
of certain colors used by the ancients, which had been supposed to contain 
cobalt. 

Hydrated Oxide of Copper (CuO,HO), as thrown down from a solution of 
sulphate of copper by dilute potassa or soda, is at first blue, but soon changes 
to green, especially if it be dried : it sustains, when dry, a temperature of 
212° without decomposition, but a little above that it becomes discolored. 
When boiled in the liquor from which it has been precipitated, or when a 
solution of copper is added to a boiling solution of soda or potassa, it 
becomes anhydrous and nearly black. 

Nitrate oe Copper (C.uO,N05,3HO). — Nitric acid diluted with 3 parts 
of water, rapidly oxidizes copper, evolving nitric oxide, and ultimately form- 
ing a bright-blue solution, which affords deliquescent prismatic crystals, of 
a fine blue color, very soluble in water and in alcohol. They liquefy at a 
temperature below 212° ; at a higher temperature they lose water and acid, 
becoming a suhnitrate^ and are entirely decomposed at a red-heat, leaving 
protoxide of copper. 

At low temperatures this salt crystallizes in rhomboidal plates, which con- 
tain 6 atoms of water, but these effloresce into the terhydrate in vacuo over 
oil of vitriol. Potassa forms, in the solution of this nitrate, a bulky blue 
precipitate of hydrated oxide of copper, which, as already observed, when 
boiled in potassa or soda, becomes black from the loss of its combined water. 
When nitrate of copper is coarsely powdered, sprinkled with a little water, 
and quickly rolled up in a sheet of pure tinfoil, there is great heat produced, 
nitrous gas is rapidly evolved, and the metal often takes fire. Ammonia 
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added to a solution of nitrate of copper, occasions a precipitate of the 
bydrated oxide ; but M added in excess, the precipitate is redissolved, and 
an ammoiiio'iiitrate is produced. 

Ammonia and Oxide of Copper.— When copper filings are digested in 
aqueous ammonia exposed to air, the solution soon becomes blue : if air be 
then excluded, it gradually loses color, but again acquires a blue color on 
the contact of air: in the blue liquor the copper exists as oxide; in the 
colorless liquor as dioxide. If a tall glass be filled with liquid ammonia atjd 
a few drops of solution of suboxide of copper (subchloride) are added, the 
surface becomes blue, but it remains colorless below. The solution of the 
oxide of copper in ammonia is obtained by exposing copper filings in solu- 
tion of,ammonia to air, or by dissolving the bydrated oxide in ammonia : it 
is of a splendid deep-blue color. 

Copper and Chlorine. — Gaseous chlorine acts upon finely-divided copper 
with great energy, producing the phenomena of combustion ; two chlorides 
are the result of this action ; the one a comparatively fixed fusible substance, 
which is the subchloride : the other a yellow substance, which is a chloride. 

Subchloride of Copper. — Bichloride (Cu^Cl) may be obtained by ex- 
posing copper filings to the action of chlorine, not in excess : or by evapo- 
rating the solution of dioxide of copper in hydrochloric acid, and heating the 
residue in a vessel with a very small orifice ; or by heating the protochloride 
in the same way. It is also precipitated, on adding protochloride of tin 
to a strong solution of the chloride. It is insoluble in water, but soluble in 
ammonia — a solution employed in eudiometry. It is also dissolved by hy- 
drochloric acid, from which potassa throws down the bydrated dioxide : 
when water is added to its hydrochloric solution, it is thrown down in the 
form of a white granular or crystalline hydrate : its color varies, being brown 
when fused, but if slowly cooled, it is yellow, translucent, and crystalline ; 
when in fine division it is nearly white: it must be preserved out of contact 
of air. If moistened and exposed to air, it acquires a green color, and be- 
comes converted into a bydrated oxychloride, which has been termed suhmu- 
riate of copper, or Brunswick green; the same compound may be formed by 
adding bydrated oxide of copper to a solution of the chloride ; or by ex- 
posing to the atmosphere slips of copper partially immersed in hydrochloric 
acid. In this case, the following changes first take place : HCi + 2Cu-f O 
(air) = Cu3Cl4-H0. A portion of the metal becomes oxidized, and the oxy- 
chloride results. A mixture of this kind was employed by Gay-Lussac in 
the analysis of the atmosphere, and it serves as a process for obtaining nitro- 
gen (p. 141). After 24 hours the acid liquid in which the copper has been 
partially immersed, acquires a dark greenish-brown color from the produc- 
tion of dichloride. In this state, if the liquid is submitted to distillation at 
a moderate temperature, any arsenic present in the copper will be distilled 
over with hydrochloric acid, as chloride of arsenic (see Arsenic). By eva- 
porating this subchloride to dryness, the whole of the arsenic may be driven 
off; and by further exposure in contact with pure hydrochloric acid, pure 
oxychloride of copper maybe obtained. As these precautions are not taken 
in practice, the oxychloride, as it is generally prepared, contains arsenic. 

Chloride of Copper (CuCl) may be formed by beating copper filings in 
excess of chlorine, or by dissolving oxide of copper in hydrochloric acid, and 
evaporating to dryness by a beat below 400^. Chloride of copper is brown 
when anhydrous, but becomes blue by exposure to air ; it is soluble in water 
and alcohol, and very difficultly crystallizable. The prismatic crystals are 
CuCl,2H0. The concentrated aqueous solution is green ; when diluted, 
blue ; but the solution again becomes green when heated to 21 2°. Exposed 
to a red heat in a tube with a small orifice, chlorine is expelled, and it be- 
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comes a subchloricle. When acted upon by potassa not added in excess, and 
only so as partially to decompose it, a green oxychloride is thrown down. 

Oxychloride of Copper, 3(CuO)CuCl,4HO, is found native in Peru and 
Chili, sometimes in the form of green sand, and sometimes massive and crys- 
tallized. The green sand was first found in the desert of Atacama, separating 
Peru from Chili. Chloride of copper has also been found upon some of the 
lavas of Vesuvius. 

SuBioDiDE OF Copper ; Diniodide of Copper (CuJ). — When iodide of 
potassium is added to a solution of the protosulphates of copper and iron, 
both in crystals, in the proportion of 1 to 2 J, the protoxide of iron takes the 
oxygen of the oxide of copper, and the iodine the metallic copper, with 
which it forms a white precipitate of the insoluble diniodide ; it may be dried 
in close vessels. In the manufacture of iodine the mixed sulphates are some- 
times employed for precipitating the iodine from the iodides in kelp (p. 189). 
When iodide of potassium is added to a salt of oxide of copper, iodine is set 
free, and a brown subiodide falls. 

Copper and Sulphur ; Bisulphide of Copper (Cu^S) may be formed by 
heating a mixture of 8 parts of copper filings and 3 of sulphur : as soon as 
the latter melts the copper becomes red-hot, undergoes combustion, and a 
black brittle compound is formed. It is soluble in hydrochloric acid with 
the evolution of sulphuretted hydrogen. Vitreous cop'per is a native disul- 
phide ; it occurs crystallized and massive in Cornwall and Yorkshire. It has 
a gray color, a metallic lustre, and a sp. gr. of about 5*^. 

Sulphide (CuS) occurs native, associated with the disulphide. It is thrown 
down from solutions of salts of copper by sulphuretted hydrogen, as a dark- 
brown hydrate, insoluble in alkalies and diluted acids. 

FerrosuJphides ; Copper pyrites, or yelloiv copper ore is the ore from which 
commercial copper is chiefly derived. It is a compound of sulphur, copper, 
and iron, the proportions of the sulphides being subject to variation, but 
commonly represented by CUgSjEegS.^. 

Sulphate OF Copper; Koman Yitriol ; Blue Yitriol (CuO,S03).— . 
This salt is formed by boiling copper in sulphuric acid, a process which 
furnishes an abundance of sulphurous acid (Cu + 2S03=CuO,S03+S03). It 
is also made by exposing roasted sulphide of copper to air and moisture ; thus 
obtained, it is impure, generally containing iron, and often zinc. It is ob- 
tained in large quantities, and nearly pure, in certain processes, afterwards 
to be described for refining gold and silver. 

Sulphate of copper forms rhomboidal crystals (containing 5 atoms of 
water, (CuO,S03,5HO) : sp. gr. 2 '27. The crystals are sometimes very 
large, of a beautiful sapphire-blue color, and slightly efflorescent in a dry 
atmosphere ; they are soluble in 4 parts of cold water. This salt has a 
peculiarly nauseous metallic taste. A¥hen heated to 212^, it loses 4 atoms 
of water of crystallization, and crumbles down into a pale powder; heated 
to 400° it becomes white and anhydrous ; in this state it slowly reabsorbs 
water from the air, and regains its blue color : or if sprinkled with water 
heat is evolved, and the salt crumbles down into a blue hydrate. By a con- 
tinued high red or white heat, sulphuric acid, and some sulphurous acid and 
oxygen, are evolved, and black oxide of copper remains. Anhydrous sulphate 
of copper, by reason of its great affinity for water, removes it from liquids, 
such as alcohol, ether, chloroform, and pyroxylic spirit. It is occasionally 
used in dehydrating these liquids by distillation. The powder changes in 
color from white to blue. When the blue crystals of the salt are digested in 
concentrated sulphuric acid, they are dehydrated and become white. This 
salt (the Vitriol, or Salt of Venus, of the alchemists) is much used as a source 
of several blue and green colors. It is employed by dyers and calico-printers, 
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and is an ingredient in some kinds of writing-ink. It has been used to pre- 
vent smut in corn, by steeping the grain in a dilute solution of the salt. It 
is also employed to prevent dry rot by steeping timber or planks in its solu- 
tion ; and it is a powerful preservative of animal substances. The com- 
mercial sulphate sometimes contains sulphate of iron as impurity. In order 
to detect this, ammonia may be added to the diluted solution of sulphate in 
sufficient quantity to redissolve the whole of the oxide of copper which is at 
first precipitated. As oxide of iron is not permanently dissolved by ammo- 
nia, this after some hours will be deposited as hydrated peroxide at the bottom 
of the tube. There is, however, a more serious impurity — namely, the 
presence of arsenic — not only in the commercial but the of&cial sulphate. 
This may be detected by distilling the powdered crystals with strong hydro- 
chloric acid. Chloride of arsenic passes over into the receiver (see Arsenic). 
Several basic sulphates of copper have been described. 

Sulphates of Ammonia and Copper.~1. Ammomo-sulphate of copper. 
Anhydrous sulphate of copper rapidly absorbs gaseous ammonia, heats, and 
forms a bulky blue powder soluble in water, =5NH3,4-2(0uOSO3). 2. 
Cuprosulphaie of ammonia. When a solution of sulphate of copper is 
supersaturated by ammonia so as to redissolve the precipitate at first formed, 
and crystallized by evaporation, dark, blue transparent crystals are obtained, 
soluble in 1-5 of cold water, but insoluble in alcohol, = CuO,S03 + 2NH3HO. 
The crystals, when exposed to air, lose ammonia, becoming at first opaque and 
pale blue, and then crumble into a green powder, which is a mixture of sul- 
phate of ammonia and basic sulphate of copper. When the aqueous solution 
of this salt is largely diluted, it deposits basic sulphate of copper. 3. Sul" 
pliate of ammonia arid copper. (NH^OjSOg+CuOjSOg+SHO). This salt 
crystallizes out of the mixed solution of sulphate of ammonia with sulphate 
of copper ; it effloresces in dry air. The solution of the ammonio-sulphate 
of copper is used as a test for arsenic. 

Carbonates of Copper. — When hot solutions of copper are precipitated 
by the carbonated fixed alkalies, carbonic acid is evolved, and a bulky green 
hydrated dicarhonate of copper falls, = 2(CuO),C02,HO. Its tint is improved 
by repeated washing with boiling water. It is prepared as a pigment, under 
the name of mineral green, or green verditer. When a cold dilute solution 
of sulphate of copper is decomposed by carbonate of soda, a blue precipi- 
tate falls, which, by careful drying, retains its color, and is known under the 
name of hlue verditer. It differs from the green carbonate in containing more 
water. There is an inferior pigment, also called verditer^ which is a mixture 
of subsulphate of copper and chalk. 

Native Carbonates of Copper ; Malachite {iiaxaxvi, mallow^ from its color), 
or the green hydrated carhonate, = 'i{Q\xO),(jO^,^0, is found in various 
forms, but never regularly crystallized, the octahedral variety being a pseudo- 
crystal derived from the decomposition of the red oxide : it occurs in great 
beauty in a stalactitic form in Siberia, and in Australia ; it is rarely found in 
Cornwall. It is of various shades of green, and often cut into small slabs, 
or used as beads and brooch-stones. The pulverulent variety has been 
termed chrysocolla^ and mountain- green. The hlue hydrated carbonate, = 
3(CuO)C03,HO, is found in great perfection at Chessy, near Lyons. It 
occurs crystallized in rhomboids and imperfect octahedra ; it is also found 
in small globular masses. The earthy variety is sometimes called copper- 
azure or mountain-blue. The dioptase, or copper emerald, a rare mineral, 
hitherto found only in Siberia, is a hydrated silicate of copper ; some of the 
varieties of malachite also appear to contain a silicate of copper. 

Cyanide of Copper. — Hydrocyanic acid, and cyanide of potassium, throw 
down a white curdy precipitate in a solution of dichloride of copper, = Cu3, 
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Cy. It combines with other metallic cyanides, forming a class of cupro- 
cyanides. When cyanide of potassium is added to sulphate of copper, a 
brown precipitate, = CuOy is formed, which by giving off cyanogen passes 
into a double cyanide, = Cu2,Cy+CuGy. When CuCy is digested in excess 
of cyanide of potassium, it forms two cupro cyanides, CuCy,KCy, and CuCy, 
8KCy. 

Alloys of Copper.— Many of these are of great use in the arts, especially 
those with zinc and tin, and with silver and gold. 

Brass. — This important alloy of copper with zinc was formerly made by 
mixing granulated copper with calamine and charcoal, and exposing the 
mixture to a heat sufficient to reduce the calamine and melt the alloy. It is 
now usually prepared by melting granulated copper with about half its weight 
of zinc, but the relative proportions of the two metals vary in the different 
kinds of brass ; and some contain a little lead and tin. An alloy of 54 parts 
of zinc and 46 of copper is white and crystalline, but it assumes the yellow 
color of brass when the zinc is increased, as well as when it is diminished. 
Ordinary brass contains about 64 per cent, of copper. Muntz's pateiit 
sheathing metal, which has been found an excellent substitute for copper, is 
an alloy of about 60 copper and 40 zinc : it admits of being rolled hot, 
whereas the common varieties of brass generally split under such circum- 
stances, and are therefore rolled cold, which requires more time. 

Brass is very malleable and ductile (when cold), and its color recommends 
it for many purposes of the arts : its specific gravity varies from 1*9 to 8*9, 
and exceeds the mean of its components. Tutenag, Tombac, Dutch gold, 
Similar, Prince RiiperVs metal, Pinchhech, and Maiiheim gold, are alloys 
containing more copper than exists in brass, and consequently made by fusing 
various proportions of copper with brass. An alloy of 5t6 parts of copper, 
59 of tin, and 48 of brass, is equal to brass in hardness, and may be worked 
with the same facility ; it has been used for standard measures, as being less 
liable than brass to oxidation when exposed to air. 

Speculum metal is an alloy of copper and tin, with a little arsenic ; about 
6 copper, 2 tin, 1 arsenic. The Earl of Rosse employed copper and tin 
only in the speculum of his large telescope; the proportions he used were 
126 "4 of copper, to 58*9 of tin (about 4 atoms of copper to one of tin). 

Bronze; Bell-metal. — These are alloys of copper and tin ; they are harder 
and more fusible, but less malleable than copper. The specific gravity of 
bronze exceeds the mean of its component metals, when carefully hammered 
and free from air-blebs : but bronze castings are apt to be porous unless 
considerable care and skill have been used in fusing and pouring the metal, 
and in the construction of the mould ; and in large castings, owing to the 
gradual cooling of the mass, there is often a want of uniformity in the com- 
position of different parts of it ; that portion containing the least tin being 
the first to solidify, while the more fusible portion to a certain extent sepa- 
rates, and is sometimes projected from the mould. 

In large bronze castings, such as statues, porosity and bubbles require 
carefully to be avoided : where they exist so as to deface the appearance of 
the work, they are sometimes filled up with substances which are only tem- 
porarily durable, or which, if metallic, give rise to electrical effects which 
time renders prejudicially evident. For this reason, the different pieces of a 
large statue should be fused together, or united by bronze, and not by a 
mere fusible solder ; and iron bars, and leaden junctions for the support or 
fixing of the work, should, upon the same principle, be avoided, as they are 
themselves liable, under such circumstances, to corrosion, and this may affect 
the stability or safety of the statue, independently of other influences. Of 
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the difficulty of easting a large and perfect bell in bronze, the Great Bell at 
Westminster has furnished a memorable instance. 

When bronze is frequently remelted it gradually loses tin by oxidation, so 
that in such cases fresh additions of tin may sometimes be requisite ; and it 
is apparently this oxidation of the tin which tends to deteriorate the texture 
of remelted bronzes, and renders them more subject to bubbles and porosity 
when recast, an effect which may be prevented by the action of carbonaceous 
fluxes, or by the operation of poling, as in the case of copper. 

Tempering produces upon bronze an effect directly opposite to that upon 
steel ; and in order to render bronze malleable, it must be heated to redness 
and quenched in water. The alloy which thus acquires the greatest tenacity 
is that of 8 of copper and 1 of tin, and this is consequently preferable for 
medals ; the advantage of bronze over copper for these purposes being hard- 
ness, and resistance to oxidation ; the former quality resists friction, and the 
latter has handed down to us the works of the ancients with little deteriora- 
tion, though buried for ages in damp soil, or immersed in water. The small 
value of bronze, as compared with gold and silver, is also another important 
consideration, as affecting the preservation of such works of art. The alloy 
employed in the recent bronze coinage is composed of 95 copper, 4 tin, 1 
zinc. The pound avoirdupois is coined into 48 pence, each piece weighing 
145-83 grains; into 80 halfpence, each weighing 8t'50 grains: into 160 
farthings, each weighing 43 '"1 5 grains. 

The analysis of brass is best effected by the action of nitric acid. The 
solution may be tested for the presence of lead by sulphuric acid : if tin is 
present it is converted into an insoluble oxide : the clear nitric solution eva- 
porated to dryness leaves nitrate of copper and nitrate of zinc : this residue, 
redissolved, may be decomposed by a slight excess of caustic potassa, and 
boiling, by which the oxide of copper is thrown down. The oxide is col- 
lected on a filter, washed, dried, and gently ignited, the clear filtrate holds 
the oxide of zinc in solution : it may be neutralized by hydrochloric acid, 
and precipitated by carbonate of soda ; the precipitate, after washing, dry- 
ing, and ignition, is oxide of zinc. 

Tinned Copper, — Yessels of copper for culinary purposes are usually 
coated with tin, to prevent the food being contaminated by copper. Their 
interior surface is first cleaned, then rubbed over with sal-ammoniac : the 
vessel is then heated, a little pitch spread over the surface, and a bit of tin 
rubbed over it, which instantly unites with and covers the copper. Much 
care is requisite in the manipulations of this process, and independently of 
the tin permanently adhering to and combining with the surface of the cop- 
per, there is generally a portion in excess, which fuses off, the first time the 
pan is used for frying. Lead is sometimes added to the tin used in tinning, 
and sometimes a small quantity of mercury, but these are very objectionable 
additions. 

Tests FOR the Salts of Copper.— The solution of these salts have either 
a blue or green color, and an acid reaction. 1. Sulphuretted hydrogen and 
hydrosulphate of ammonia give, even in acid solutions, a brownish-black 
precipitate, not soluble in the precipitants, in alkalies, or diluted acids. 2. 
Ammonia, when added in excess, produces a deep blue solution. 3. Ferro- 
cyanide of potassium produces a deep red-brown precipitate in strong solu- 
tions, but a red color in those which are very dilute. This may be regarded 
as a most delicate test for copper. The blue ammoniacal solution above 
mentioned under 2, when rendered feebly acid by the addition of dilute sul- 
phuric acid, will give a red precipitate with the ferrocyanide. Thus two of 
the most important tests may be applied to the same portion of liquid. 4. 
A polished needle, or any clean surface of iron, is coated with a layer of 
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metallic copper of its usual red color, when immersed or suspended in the 
solution slightly acidified with sulphuric acid. The deposit takes place 
slowly when the solution is very dilute. The needle, with the red deposit, 
when washed and placed in a tube with a small quantity of solution of am- 
monia, imparts a blue color to the liquid by the production and solution of 
the oxide. A coil of fine steel wire may be used in place of a needle. 

Before the hloivpipe, black oxide of copper is not altered by the exterior 
flame, but becomes red suboxide in the interior. With borax it forms a 
green glass, while hot, which becomes blue-green as it cools. When strongly 
heated on charcoal in the interior flame, the metal is reduced. 

Analysis in cases of poisoning. — A colored liquid containing organic 
matter, and suspected to contain copper in solution, may be thus treated : 
Place a portion of the liquid, acidified with dilute sulphuric acid, in a plati- 
num capsule ; touch the platinum through the liquid with a piece of zinc 
foil ; a bright layer of metallic copper, of a red color, will be deposited on 
every part of the platinum touched by the zinc. Wash out the capsule with 
distilled water ; dissolve the film of deposited metal in a few drops of 
nitric acid and water ; expel any excess of acid, and add ammonia, and sub- 
sequently ferrocyanide of potassium (p. 394). The blue and red colors will 
at once indicate the presence of copper. This is the best method of pro- 
ceeding in cases of poisoning ; as the metal is first obtained and converted 
into a salt, when the tests give the results described, there can be no doubt 
of the presence of copper. 

In order to procure a solution of the metal, the organic matter may be 
dried, incinerated in platinum, and the ash digested in 1 part of nitric acid 
and 2 of water. Pickles or fruits suspected to contain copper may be 
treated by the following process : Pass a bright needle through the sub- 
stance ; if it is impregnated with copper, there will be a deposit of this 
metal upon the iron. It will be proper to state in this place, that as copper 
and, generally speaking, all its salts, may contain arsenic, this poison may be 
found in an organic liquid, or in a cupreous medicine, as the result of im- 
purity. 

LEAD (Pb = 104). 

Lead has been known from the earliest ages. The alchemists gave to it 
the symbol and name of Saturn, ^2. The native compounds of lead are 
numerous, but the most important is the sulphide known under the name of 
galena^ from which the greater proportion of commercial lead is obtained. 

Extraction of Lead. — The reduction of galena upon the large scale is ef- 
fected by heating and raking the prepared ore, mixed with a little lime, in a 
reverberatory furnace : a large proportion of the sulphur is in this way 
burned ofP, and a mixture of oxide, sulphate, and sulphide of lead ob- 
tained ; the temperature is then so raised as to fuse this mixture, when the 
substances further react upon each other, and metallic lead separates from 
the mass. If. it contains tin or antimony, it is further refined by fusing it in 
a shallow vessel, when those metals, being more easily oxidized than lead, 
are removed from the surface. If the lead contains silver in such proportion 
as to render it worth separating, this is effected by dipping into the fused 
metal, during cooling, a large perforated iron ladle, whereby the lead, which 
is the first to separate in crystals, is removed. The granular crystals are 
ladled out, and are nearly pure lead (p. 26), the silver being retained in the 
more fusible portion. By a repetition of this process the silver gradually 
accumulates in the latter, from which it is subsequently separated by cupella- 
tion. Six tons of lead thus treated, were desilvered by this process in 
about two hours, the weight of the argentiferous alloy left in the melting- 
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pan being seven hundred weight. The iron ladle employed held about one 
hundred weight of liquid metal. The amount of silver in the lead was in- 
creased twentyfold, one ton of the alloy containing as much silver as twenty 
tons of the original lead. In the factory at Newcastle, in which we witnessed 
this operation, 60 tons of lead were desilvered weekly, producing about 600 
ounces of silver. In 1858, it was calculated that the quantity of silver thus 
extracted from lead in this country was not less than 600,000 ounces per 
annum. This valuable process was discovered by the late Mr. H. L. Pat- 
tiuson, of Newcastle. The lead, thus deprived of its silver, is improved in 
quality, and is cast into the oblong masses, or pigs, m which it occurs in 
commerce. 

When lead containing silver is exposed at a high heat to a current of air, 
the lead is converted into protoxide, and may be run off in a fused state from 
the surface ; whilst the silver, which, under these circumstances, resists oxida- 
tion, ultimately remains upon the cupel. This operation closely resembles 
that which is conducted upon a small scale by the assayer, and will again be 
adverted to in the chapter on Silver. 

The proportion of silver contained in argentiferous galena varies very con- 
siderably. The average is about ten ounces in the ton : when it amounts to 
120 ounces to the ton, it is considered very rich ; but silver may be profit- 
ably extracted when as low as from 3 to 4 ounces to the ton. The English 
lead-mines afford an annual produce of from 60,000 to 10,000 tons of metal, 
from the greater part of which the silver is extracted by the process above 
described. 

Perfectly pure lead may be obtained either by reducing pure nitrate of 
lead by charcoal, at a red heat, or by heating oxalate of lead in a covered 
crucible. Its color is bluish-white : it has much brilliancy, is remarkably 
flexible and soft, and leaves a dark streak on paper ; when handled it exhales 
a peculiar odor. Its specific gravity is 11*4. It admits of being rolled into 
thin sheets, and drawn into moderately fine wire, but its tenacity is so low 
as to render the latter operation difficult. It melts in about 612°, and by 
the united action of heat and air is readily oxidized. In perfectly close 
vessels it does not sublime at a bright read heat ; but before the oxygen 
blowpipe it boils when heated to whiteness, and is dissipated in copious 
fumes of oxide. When slowly cooled it forms octahedral crystals, and con- 
tracts during solidification ; in bullets, therefore, and in castings of lead 
rapidly cooled, there is generally a cavity which interferes with the rectilinear 
passage of the ball. 

At common temperatures, and in its ordinary state, lead undergoes little 
change ; but when in a state of very fine division, as it is obtained by ex- 
posing tartrate of lead to a red heat in close vessels, it takes fire when 
brought into the contact of air ; so also the finely-divided lead obtained by 
the reduction of the oxide by hydrogen at a temperature insufficient for its 
fusion, burns when gently heated in the air. In distilled water, free from 
air, and in close vessels, a clean surface of lead remains bright ; but in open 
vessels it tarnishes, and small crystalline scales of hydrated oxide of lead are 
formed, a portion of which dissolves in the water, and is again slowly pre- 
cipitated in the form of oxycarbonate. This oxycarbonate is itself very in- 
soluble, so that if water holding a little oxide of lead in solution be exposed 
to air, the more soluble oxide passes into the state of the less soluble oxycar- 
bonate ; and after a few hours, if the water be filtered, it will be found almost 
absolutely free from lead in solution, pure water not dissolving more than 
about one four-millionth of its weight, of this oxycarbonate, or about one- 
sixteenth of a grain in a gallon. The action of water upon lead is much 
modified by the presence of saline substances. It is increased by chlorides 
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and nitrates, and diminished by carbonates, sulphates, and phosphates, and 
especially by carbonate of lime, which, held in solution by excess of carbonic 
acid, is a frequent ingredient of spring and river water. But water highly 
charged with carbonic acid may become dangerously impregnated with lead, 
in the absence of any protecting salt, in consequence of its solvent power 
over carbonate of lead. In general, water which is not discolored by sul- 
phuretted hydrogen, may be considered as free from lead ; but there are very 
few waters which have passed through leaden pipes, or have been retained 
in leaden cisterns, in which, a minute analysis will not detect a trace of the 
metal ; and were it not for the great convenience of lead, iron pipes and slate 
cisterns would, in a sanitary point of view, be in all cases preferable. 

Another cause of contamination by lead may arise from electric action, as 
where iron, copper, or tin, is in contact with, or soldered into lead : and in 
these cases, owing to the action of alkaline bases as well as of acids upon 
the lead, danger may occur when it is thrown into an electro-negative as 
well as an electro-positive state. Cisterns are sometimes corroded, and their 
bottoms are perforated by pieces of mortar having dropped into them, the 
lime of which has caused the oxidation of the metal and a solution of the 
oxide. 

Oxides of Lead.— There are four definite combinations of lead and 
oxygen, namely, suboxide ov dioxide (Pb^O) ; a protoxide (PbO); an inter- 
mediate oxide generally known as red oxide (PbgOJ ; and d, peroxide (PbO^). 
Of these, the protoxide only is salifiable. 

Suboxide or Lead; Dioxide oe Lead (Pb^O). When oxalate of lead is 
carefully heated to about 570^ in a small retort, carbonic oxide and car- 
bonic acid are evolved, and this oxide remains in the form of a gray powder, 
which is resolved by acids into protoxide and metallic lead. 

Protoxide op Lead (PbO) is formed, 1. By raising the temperature of 
melted lead to a white heat, when it burns with a brilliant flame, and forms 
copious fumes of protoxide. 2. By exposing the gray powder which 
gradually collects upon the surface of melted lead, to the further action of 
heat and air, until it acquires an uniform yellow color. 3. By exposing 
nitrate or carbonate of lead to a dull red heat out of contact of air, and 
taking care to avoid fusion. 4. When a solution of acetate of lead is 
dropped into a solution of ammonia, the white crystalline powder which 
falls is a liydrated oxide. 

When this oxide is heated it has a red color, but in its ordinary state it 
is lemon or orange-yellow, according to the mode in which it has been pre- 
pared, and is known under the name of Massicot. At a high red heat it 
fuses and forms, on cooling, a lamellar vitreous mass of a reddish-brown 
color: this is often obtained in scales, under the name of Litharge {%leo^ 
apyvpov, silver stone), which, when red from the presence of minium, was 
called Litharge of Goldj the paler varieties being termed Litharge of Silver. 
Protoxide of lead is a salifiable base, forming neutral salts with the acids; 
and, in many instances, subsalts which have an alkaline reaction ; it absorbs 
carbonic acid from the atmosphere, and gradually acquires the property of 
dissolving in acids with effervescence. It is soluble in potassa and soda, 
forming yellow liquids, which after a time gradually deposit crystals of 
anhydrous oxide of lead : it combines with baryta, strontia, and lime, form- 
ing compounds of sparing solubility, and easily decomposed even by the 
weakest acids. A paste or wash containing hydrate of lime mixed with 80 
to 90 per cent, of oxide of lead, is used to blacken hair, which it does in 
consequence of the formation of a black sulphide arising out of the combi- 
nation of the sulphur in the hair with the metal of the oxide, while the lime, 
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by its action on the organic -matter, promotes the effect. The use of this 
compound is liable to give rise to an attack of lead palsy. 

When oxide of lead is fused with the earths and metallic oxides, it forms 
vitreous, and in some cases very fusible compounds, hence its use in the 
manufacture of glass (p. 316) ; hence also the readiness with which it corrodes 
common crucibles when kept in fusion in them. Heated with charcoal, this 
and the other oxides of lead are easily reduced to the state of metal 5 they 
are also reduced when heated in hydrogen or coal gas. 

The hydrated oxidiQ J when dried at about 100°, is a soft crystalline pow- 
der, = 8(PbO)HO: it is slightly soluble in pure water, and the solution has 
an alkaline reaction ; it loses water and gradually becomes anhydrous when 
heated to about 1 60°. The influence of carbonic acid and minute portions 
of saline substances upon the solubility of this hydrate, has been above 
noticed. 

Red Oxide of Lead; Minium; Ebd Lead (PbgOJ.— This substance, 
which is well known as a red pigment, sp. gr. between 8*6 and 9, is made by 
exposing protoxide of lead to heat and air so as to oxidize without fusing it, 
the temperature required for this purpose being between S'TO^ and 580°; it 
gradually acquires a fine red color, the splendor of which, however, goes off 
by exposure to light. The minium of commerce is of variable composition, 
and generally contains excess of protoxide, which may be separated by very 
dilute acetic acid, or by digestion in solution in acetate of lead. When 
exposed to a temperature above that required for its formation, minium 
gives off oxygen, and reverts to the state of protoxide. The most brilliant 
minium is obtained by heating and stirring pure carbonate of lead in a cur- 
rent of air at a temperature a little short of 600°. 

Minium is easily decomposed by the acids ; nitric acid resolves it into 
insoluble peroxide, while a soluble nitrate of the protoxide is at the same 
time formed. Hydrochloric acid, in small quantity (2 atoms to 1 of minium), 
produces with it chloride and peroxide of lead, and water— Pb304+2HC1= 
2(PbCl-fPbOa+2HO) : in larger quantity, the products are, chloride of 
lead, water, and free chlorine; Pb3O4+4HCl=3Pb01 + 4HO+Cl. With 
an aqueous solution of chlorine it affords chloride and peroxide of lead ; 
(PbA+ Cl=PbCl4-2PbO,). 

Peroxide of Lead; Binoxide of Lead; Plumbic Acid (PbOa).— This 
oxide is obtained in the form of an insoluble brown powder, by digesting 
minium in cold nitric acid ; or by heating salts of lead with chloride of soda 
or lime ; or by passing chlorine through minium diffused in water, or through 
a solution of acetate of lead, and thoroughly washing the product in hot water 
to remove the chloride of lead. The first is the best process, if the minium 
and nitric acid are pure ; the resulting oxide only requires to be boiled in 
very dilute nitric acid, then washed, and dried at 212°. 

This oxide is a conductor of electricity. At a red heat it gives off oxy- 
gen, and is converted into protoxide. By the continued action of light, or 
of a gentle heat, it is resolved into oxygen and minium. Digested in liquid 
ammonia, a mutual decomposition takes place, and water and nitrate of lead 
are formed. Triturated with a fifth of its weight of sulphur, it inflames spon- 
taneously ; or with half its weight of sulphur when touched with oil of vitriol 
It is also decomposed, with the evolution of heat, when rubbed with an 
eighth part of its weight of sugar; or with its weight of crystallized oxalic 
acid, with which it forms water, carbonic acid, and carbonate of lead. With 
hydrochloric acid, it furnishes chlorine and chloride of lead. When boiled 
in nitric or sulphuric acid, oxygen is evolved and salts of the protoxide are 
formed. It absorbs sulphurous acid gas with the evolution of much heat, 
or even with ignition, and forms sulphate of lead; hence its occasional use 
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in tlie analysis of gaseous mixtures, to separate sulphurous from carbonic 
acid gas. It is supposed to contain the second equivalent of oxygen in the 
form of ozone (p. 103). It decomposes a solution of iodide of potassium 
and bleaches sulphate of indigo. 

Plumhate of Potassa, — When potassa, moistened with a little water, and 
peroxide of lead are heated for a short time in a silver crucible, a compound 
is obtained which, dissolved in a small proportion of water and slowly evap- 
orated, yields crystals =KO,Pb03,3HO : they are deliquescent rhomboids, 
soluble without decomposition in solution of potassa, but resolved by water 
into hydrated peroxide of lead, and a brown solution of Uplumhate of potassa. 
Plumhate of Soda may be obtained in the same way, but it is little soluble 
in water. The insoluble plumbates are formed by heating mixtures of the 
bases with protoxide of lead, in the air, when oxygen is absorbed. Plum- 
hate of lime and of haryta are so formed. Under this aspect minium is a 
plumbate of lead, =2(PbO),PbO,. 

MetallO'chromes. — When solutions of the salts of lead are electrolzyed, they 
deposit the peroxide on the positive electrode. When thin films of peroxide 
of lead are thus formed upon polished steel plates, they give rise to the 
prismatic tints described under the above name. 

Hyponitrite of Lead {Tetranitrite of Xeac/).— When 1 part of neutral 
nitrate of lead and 2 of metallic lead are boiled together for 12 hours in a 
large quantity of water, the filtered solution yields red crystals, alkaline to 
tests, soluble in about 1200 parts of cold and 34 of boiling water =4(PbO), 

Nitrite of Lead. — When 166 parts (1 atom) of neutral nitrate of lead, 
and 156 of metallic lead (1*5 atom), are boiled in a large proportion of water, 
the yellow filtrate yields orange-colored crystals, soluble in 1260 of cold, and 
34 of boiling water =1(PbO),2NO„2HO. When 166 parts of neutral 
nitrate of lead and 104 of lead (1 atom and 1) are digested together in water 
at about 160°, the solution deposits yellow crystals, acid to litmus, soluble 
in 80 parts of water at 11^ =2(PbO),N04,HO. 

Nitrate of Lead (PbOjNOs) is obtained by dissolving the metal (or 
better, litharge) not in excess, in hot nitric acid diluted with two parts of 
Vv^ater, and evaporation. It crystallizes in octahedra, which are white, anhy- 
drous, translucent, and of a styptic taste; they decrepitate when heated, and 
give oat nitrous acid and oxygen, and protoxide of lead remains : they are 
soluble in between t and 8 parts of water at 60^ : they are insoluble in 
alcohol and in nitric acid. Soft wood, or paper, impregnated with this salt, 
burns like a slow match, with slight deflagration. Nitric acid forms with 
oxide of lead a dinitrate, trisnitrate, and a sexbasic nitrate. 

Chloride of Lead (PbCl). — When laminated lead is heated in chlorine, 
the gas is absorbed, and a chloride of lead results. The same substance is 
obtained by adding hydrochloric acid, or a solution of chloride of sodium, to 
a concentrated solution of nitrate of lead, washing the precipitate in cold 
water, and drying at 212^ ; it is also formed when the oxides of lead are 
digested with heat in hydrochloric acid. It is white and fusible, and, on 
cooling, forms a hornlike substance {plumhnm corneum) , It does not absorb 
ammonia. It volatilizes at a high temperature, provided air has access, iu 
which case a portion of oxide of lead is also formed. It dissolves in about 
40 parts of water at 212^, separating, as its solution cools, in small anhy- 
drous acicular crystals, unchanged by exposure to air, and of a sweetish 
taste. Its solubility in water is greatly diminished by the presence of a little 
hydrochloric acid, yet it is soluble in strong hydrochloric acid, and is 
precipitated on dilution. It dissolves rather copiously in solutions of potassa 
and soda, and of the alkaline hyposulphiteSo It is insoluble in alcohol. 
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Native chloride of lead occurs amongst the products of Yesuvius, in small 
acicular crystals; Sidichlonde of lead (Fb^Cl) has been found in the Mendip- 
hills, in Somersetshire ; it forms fibrous yellow crystalline masses, upon a black 
ore of manganese ; a native oxychloride of lead has also been found in the 
same locality. 

Oxychloride of Lead.. — When chloride of lead is heated in the air till it 
ceases to give off fumes, a compound remains =PbCl + PbO ; it may also be 
formed by fusing together atomic equivalents of chloride and oxide, or 
chloride and carbonate of lead : it is a yellow crystalline compound. A 
hydrated compound of chloride and oxide of lead is obtained by acting upon 
a solution of common salt by litharge ; solution of soda, and oxide and 
chloride of lead are formed ; this insoluble residue, when rendered anhydrous 
by fusion, is known under the name oi patent yellow^ Turner^ yellow^ or Gas- 
sel yellow, ==PbCl + 7PbO. A similar compound maybe obtained by fusing 
together 1 part of chloride with 4 or 5 of oxide of lead, or by heating salam- 
moniac with oxide of lead. 

Iodide of Lead (Pbl) may be formed by heating leaf-lead with iodine ; 
but it is most readily obtained by adding iodide of potassium to a solution 
of nitrate of lead, in equivalent proportions ; it then falls in the form of a 
bright yellow powder, soluble in about 1250 of cold and 200 parts of boiling 
water, and separates, as this solution cools, in brilliant flakes, which are 
hexahedral, or derivatives of the hexahedron. In this crystalline state it 
retains its color, but the pulverulent iodide becomes pale by exposure to 
light. When gently heated it becomes deeper colored, and even brown, but 
again yellow on cooling: at higher temperatures it fuses, and volatilizes at a 
strong red heat. It is soluble in aqueous solutions of potassa and soda, 
forming double salts: boiled with carbonate of potassa, it forms carbonate of 
lead and iodide of potassium. It becomes white when digested in caustic 
ammonia, forming the compound, =NE[g,PbI ; the same compound is ob- 
tained by the action of gaseous ammonia upon the iodide. Iodide of lead is 
soluble in hydrochloric acid, and if concentrated by heat, the solution as it 
cools deposits radiated prismatic crystals of a yellow color, composed of 
iodide and chloride of lead. It dissolves in concentrated solutions of the 
alkaline iodides, and in the acetates of potassa, soda, and ammonia. An iodide 
of lead and sodium is thus formed by adding slight excess of iodide of sodium 
to a hot solution of iodide of lead, and placing the liquid in a warm place ; 
it separates in yellow shining laminae =NaI,2PbI. It forms a similar 
crystallizable double salt with iodide of potassium. 

Bromide of Lead (PbBr) is precipitated from a solution of lead by hydro- 
bromic acid or bromide of potassium : it is white, crystalline, fusible, and 
concretes on cooling into a yellow mass. It is sparingly soluble in water, 
and its boiling solution deposits shining acicular crystals. 

Fluoride of Lead (PbP) is almost insoluble, and obtained by adding 
hydrofluoric acid to nitrate of lead, when it falls in the form of a white 
powder, soluble in nitric and hydrochloric acids. 

Sulphide of Lead (PbS) may be formed by fusion : when the lead melts, 
it suddenly combines with the sulphur with ignition. Its lustre and color 
much resemble pure lead, but it is brittle, and requires a bright red heat for 
fusion. Its specific gravity is *7'68. Boiled with hydrochloric acid, chloride 
of lead and sulphuretted hydrogen are formed ; by nitric acid it is converted 
into sulphate of lead. Sulphide of lead may be obtained in the humid way, 
by precipitating any salt of lead by sulphuretted hydrogen : the precipitate 
is black, or brown if the solution is dilute : this is so delicate a test of lead, 
that a solution containing a hundred-thousandth part of the metal is discolored 
by it, provided no excess of acid be present. 
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Native sulphide of lead, or galena, is the principal source of the commercial 
demands of the metal. It occurs massive, and crystallized in cubes and 
their modifications. When galena is finely powdered and heated with strong 
nitric acid, it is converted into sulphate of lead, the other metals associated 
with it (copper and silver) being dissolved as nitrates. When the nitric 
acid is diluted, some nitrate of lead is formed and dissolved, and a portion of 
sulphur is precipitated. 

Sulphite of Lead (PbO^SOg) is formed by digesting protoxide of lead in 
aqueous sulphurous acid j or by adding the acid to nitrate of lead. It is 
white, insoluble in water, and tasteless. 

Sulphate of Lead (PbO,S03).— -Gold sulphuric acid has no action upon 
metallic lead ; but when boiled in the concentrated acid, sulphurous acid is 
evolved, and sulphate of lead formed. It is easily produced by adding dilute 
sulphuric acid, or a soluble sulphate, to a solution of nitrate of lead, when it 
falls in the form of a dense white powder : hence the application of the 
soluble salts of lead, especially the nitrate, as tests of the presence of sul- 
phuric acid and sulphates. After having been dried at 400°, it may be 
heated to redness without losing weight. Heated on charcoal by the blow- 
pipe, it is ultimately reduced. Sulphate of lead is insoluble in water and in 
alcohol. It is sparingly soluble in excess of sulphuric acid, and separates 
from it in small prismatic crystals. It is soluble, when recently precipitated, 
in hydrochloric acid, the fixed alkalies, and sparingly so in their carbonates, 
and in some of the salts of ammonia, especially the acetate. Its acid is 
expelled by the action of silica and of alumina at a red heat, hence its 
decomposition when fused in earthen crucibles. This compound is found 
native, crystallized in rhombs in Anglesea, Scotland, and other localities. 

Phosphate of Lead. — Each modification of phosphoric acid gives a white 
precipitate in the soluble salts of lead, which is soluble in nitric acid.— 
Native phosphate of lead. The mineral usually so called is a compound of 
phosphate and chloride of lead, in which 3 atoms of the tribasic phosphate 
are combined with 1 of chloride (9PbO,3P05+PbCl). It has been found 
in the mines of Cumberland, Durham, Yorkshire, and of Wanlock Head in 
Scotland, and in many of the foreign mines. Its color is various shades of 
green, yellow, and brown. It usually occurs in six-sided prisms, semitrans- 
parent and brittle. 

Carbonate OF Lead. Ceruse; White Lead, (PbO,C02) — This important 
compound is extensively employed as an oil-pigment : it is chiefly made in 
London and at Newcastle-on-Tyne, to the annual quantity of about 16,000 
tons. There are many processes by which it may be obtained, and much 
ingenuity has been displayed in their modification and improvement, the great 
objects being to obtain it in such a state that it shall form the most opaque 
and densest bodya,^ it is called, when ground up with linseed, or other drying 
oil, and shall at the same time be of a pure and perfect white. 

The following is an outline of the several methods by which this carbonate 
may be formed. 1. By the precipitation of soluble salts of lead by alkaline 
carbonates. A solution of nitrate or acetate of lead is thus decomposed bj 
carbonate of soda ; it yields a dense white precipitate, which, when washed 
and dried, is of a pure white, but when examined by a magnifier, is found to 
consist of minute crystalline grains, a circumstance which interferes with its 
body or opacity to such an extent as to render it unfit for oil-paint : it is also 
a pure or neutral carbonate, and it will appear that the most esteemed white 
lead generally contains more or less oxide or hydrated oxide of lead. It 
varies in texture according as the carbonate is added to the nitrate, or the 
nitrate to the carbonate ; the latter mode of precipitation, with properly 
diluted solutions, furnishes the most impalpable powder. When the carbonate 
26 
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has once acquired a crystalline texture, no grinding or raeclianical commi- 
nution is capable of conferring upon it the qualities which fit it for an oil 
pigment. 2. When carbonic acid gas is passed through a hot solution of 
snbnitrate of lead, carbonate of lead is thrown down, and the solution reverts 
to the state of neutral nitrate : this is reconverted into subnitrate by boiling 
with protoxide of lead (powdered litharge), and the precipitation continu- 
ously repeated. 3. Subacetate of lead is decomposed by passing through it 
a current of purified carbonic acid gas. The celebrated white lead of Clichy 
is thus prepared. 4. Finely powdered litharge is moistened, mixed with a 
very little acetate of lead (about a hundredth part), and submitted during 
constant stirring to a current of heated carbonic acid : in this process a sub- 
acetate of lead is successively formed and decomposed ; a small quantity only 
of the original acetate therefore is required. 5. In the Dutch process lead 
is cast into plates or bars, or into the form of stars, or circular gratings of 
six or eight inches in diameter, and from a quarter to half an inch in thick- 
ness : five or six of these are placed one above another in the upper part of 
a conical earthen vessel, something like a garden-pot, in the bottom of which 
there is a little strong acetic acid. These pots are then arranged side by 
side, on the floor of an oblong brick chamber, and are imbedded in a mix- 
ture of new and spent tan (ground oak-bark as used in the tanyard). The 
first layer of pots is then covered with loose planks, and a second range of 
pots imbedded in tan is placed upon the former ; and thus a stack is built 
up so as entirely to fill the chamber with alternate ranges of the pots con- 
taining the lead and acetic acid, surrounded by and imbedded in the tan. 
Several ranges of these stacks occupy each side of a covered building, each 
stack containing about 12,000 of the pots, and from 50 to 60 tons of lead. 
Soon after the stack is built up the tan gradually heats or ferments, and 
begins to exhale vapor, the temperature of the inner parts of the stack rising 
to 140^ or 150^. The acetic acid is slowly volatilized, and its vapor pass- 
ing readily through the gratings or folds of lead, gradually corrodes the sur- 
face of the metal, upon which a crust of subacetate is successively formed 
and converted into carbonate, there being an abundant supply of carbonic 
acid furnished by the slow fermentative decomposition of the tanners' bark. 
In the course of from 4 to 6 weeks the process is completed, and now, on 
unpacking the stacks, the lead is found to have undergone a remarkable 
change : the form of the castings is retained, but they are converted, with 
considerable increase of bulk, into carbonate of lead ; this conversion is 
sometimes entire, at others it penetrates only to a certain depth, leaving a 
central skeleton of metallic lead, the conversion being unequal in different 
parts of the stack, and varying in its perfection at different seasons, tempera- 
tures, and states of the atmosphere. The stacks are so managed that they 
are successively being built up and unpacked. The corroded and converted 
gratings, or cakes, are then passed through rollers, by w^hich the carbonate 
of lead (white lead) is crushed and broken up, and the central core of me- 
tallic lead (blue lead), if any remain, is easily separated : the white lead is 
then transferred to the mills, where it is ground up into a thin paste with 
water, and is ultimately reduced, by the process of elutriation, or successive 
washings and subsidences, to the state of an impalpable powder ; it is then 
dried in wooden bowls placed upon shelves in a highly-heated stove, aha 
thus brought to the state of masses easily rubbed between the fingers into a 
line pow^der, in which the microscope does not enable us to discern the 
slightest traces of crystalline character. If intended for the use of the 
painter, it is next submitted to grinding with linseed oil ; and it is found 
that a hundred weight of this white lead is formed into a proper consistence 
with 8 pounds of oil, whereas precipitated white lead requires 16 pounds of 
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oil for the same purpose ; the one covering the surface so much more per- 
fectly, and having so much more body than the other. It is sometimes sup- 
posed that in this process the oxygen and carbonic acid required to form the 
carbonate of oxide of lead are derived from the decomposition of the acetic 
acid; but thia is evidently not the case, for not more than 100 pounds of 
real acetic acid exist in the whole quantity of the dilute acid contained in 
the several pots of each stack ; and in 100 pounds of acetic acid there are 
not more than A1 to 48 pounds of carbon, whereas 6^140 pounds would be 
required to furnish the carbonic acid which should convert 50 tons of lead 
(the average weight of that metal in each stack) into carbonate of lead.. 
There can be no doubt then that the carbon or carbonic acid must come 
from the tan, and that the oxygen is partly derived from the same source, 
and partly from the atmosphere : the principal action of the acetic acid, 
therefore, is to form successive portions of subacetate of lead, which are suc- 
cessively decomposed by the carbonic acid : the action is, however, of a very 
remarkable description, for even masses of lead, such as blocks of an inch or 
more in thickness, are thus gradually converted through and through into 
carbonate, so that if due time is allowed, there is no central remnant of me- 
tallic lead. The original texture of the lead is much concerned in the extent 
and rapidity of the conversion. Rolled or sheet lead will not answer, and 
the gratings, coils, and stars which are employed, are all of cast lead. The 
purest metal is also required ; for if it contain iron, the resulting white lead 
acquires a tav/ny hue ; and if a trace of silver, it acquires a perceptible 
dinginess when subjected to the action of light. 

Sulphate of baryta is occasionally added to commercial white lead, by 
which its valuable properties are proportionately deteriorated ; the adulter-, 
ation is easily detected by digesting the sample in dilute nitric acid, which 
dissolves the carbonate of lead, but leaves the sulphate of baryta ; the articles 
known under the name of Venice white^ Hamburgh whiter and Dutch white, 
are avowedly mixtures of sulphate of baryta with carbonate of lead. Clichy 
■ivhite, Krems or Kremnitz tvhite, and Silve7' white, are pure white lead. A 
minute addition of indigo or of lamp-black is sometimes made to white lead, 
to give it a slight bluish shade. 

Carbonate of lead is usually in the form of a heavy white powder, insolu- 
ble in water, and very sparingly soluble in aqueous carbonic acid ; its specific 
gravity varies from 6 '4 to 6 •'75. It entirely dissolves with effervescence in 
acetic and in dilute nitric acid. It is immediately discolored and ultimately 
blackened by sulphuretted hydrogen, whence the necessity of the cautious 
exclusion of all sources of that compound in white-lead works. When care- 
fully heated in the contact of air carbonate of lead loses carbonic acid, and 
furnishes by proper management a beautiful minium. 

The usual composition of commercial white lead, prepared by the Dutch 
process, is represented by Phillips (Journ. Chem. Soc. iv. 110) as 2(PbO, 
COJ+PbO,HO. It loses the whole of its water at 300°, and at 350^ the 
carbonic acid begins to be evolved. 

Native Carbonate of Lead is one of the most beautiful of the metallic 
ores ; it occurs crystallized, and fibrous, the former transparent, the latter 
generally opaque. It is soft and brittle, and occasionally tinged green with 
carbonate of copper, or gray by sulphide of lead. 

Cyanide op Lead (PbCy) falls in the form of an insoluble white powder 
when cyanide of potassium is added to a solution of nitrate of lead, or when 
hydrocyanic acid is dropped into acetate of lead : heated to redness in a glass 
tube, it gives out nitrogen, and leaves a pyrophoric carbide of lead. 

Borate op Lead is precipitated in the form of a white powder when 
borate of soda is mixed with nitrate or acetate of lead : it fuses into a color- 
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less glass, and probably consists of 2 atoms of boracic acid and 1 of prot- 
oxide of lead. Boracic acid and oxide of lead may be fused together in all 
proportions; 112 of oxide and 24 of ac^'d give a soft yellow glass, sp. gr. 
6'4; with 48 of acid the glass is less yellow and harder; and with 12 of 
acid it is colorless, as hard as flint glass, and highly refractivd; 

Alloys oe Lead,— With iin^ lead forms several useful alloys, which are 
somewhat less dense than the mean. Common pewter consists of about 80 
parts of tin and 20 of lead. Equal parts of lead and tin constitute plumhers"^ 
solder. When pieces of copper are thrown into red-hot melted lead, they 
soon disappear, and form a gray, brittle, and granular alloy. In coating iron 
with lead, the surface of the metal is first cleaned with hydrochlorate of am- 
monia : it is then dipped into melted zinc, and afterwards into a bath of 
melted lead. 

Tests eor the Salts of Lead. — The salts are for the most part white, 
and those which are soluble form colorless solutions. They have a sweetish 
metallic taste. 1. Sulphuretted hydrogen gives a brownish discoloration 
even when less than 1-1 00,000th part of a salt of lead is present. In ordi- 
nary solutions, it throws down a brown-black precipitate (sulphide of lead), 
insoluble in alkalies and in diluted mineral acids, but decomposed by strong 
nitric acid. 2. Hydrosulphaie of ammonia gives a similar precipitate, not 
soluble in an excess of the reagent, and having the other properties of the 
sulphide. The insoluble salts of lead, such as the sulphate and phosphate, 
are decomposed by this liquid, and a soluble salt of the acid is formed. 3. 
Diluted S7ilphuric acid throws down a white precipitate, slowly in acid solu- 
tions. This precipitate is soluble in potassa and strong hydrochloric acid, 
4. Potassa and soda throw down a white precipitate, soluble in excess of the 
alkaline liquid. 5. Ammonia precipitates a white hydrated oxide, not soluble 
m an excess of the^ alkali. 6. All the alkaline carbonates i\\]!0\Y down white 
precipitates, insoluble in an excess. *I. Iodide of potassium gives a yellow 
precipitate, soluble in potassa and in hydrochloric acid. 8. Chloride of 
sodium gives a white precipitate, partly dissolved when boiled, and readily 
dissolved by potassa or strong nitric acid. The lead-precipitates dissolved 
by alkalies are thrown down black by sulphuretted hydrogen or hydrosul- 
pbate of ammonia. 9. Ferrocyanide of potassium gives a white precipitate. 

The salts insoluble in tvater are dissolved by soda and potassa, or by nitric 
acid, when the metal is rendered manifest by sulphuretted hydrogen and 
other tests. When these salts are boiled with carbonate of soda, they afford 
carbonate of lead, which may be dissolved in acetic or dilute nitric acid, and 
subjected to the usual tests. Heated by the blowpipe upon charcoal, with 
carbonate of soda or cyanide of potassium, they afford a globule of metal. 
Lead is precipitated from its solutions, in the metallic state, by zinc. All 
the soluble, as well as the difficultly-soluble, salts of lead maybe decomposed 
and reduced, by mixing them with dilute nitric or hydrochloric acid, and im- 
mersing a plate of zinc in the liquid. 

When solutions of the salts of lead are filtered through charcoal, which 
is sometimes done for the purpose of decoloration, part or even the whole of 
the oxide of lead, if it only amount to about one-twentieth of the charcoal 
employed, v/ill be abstracted by the charcoal. This renders charcoal in 
coarse powder most useful in the construction of the filters for domestic pur- 
poses. Any casual impregnation of water by lead may thus be removed, 
and the water rendered wholesome. So small a quantity as one grain of 
lead in a gallon of water has been known to produce the effects of lead- 
poisoning. 
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CHAPTER XXXIII, 

BISMUTH— COBALT— NICKEL—CHROMIUM. 

Bismuth (Bi=213). 

This metal was first described by Agricola, in 1529. It is sometimes 
ealled marcasite. It is neither of common occurrence, nor very abundant. 
Native hismuth is found in Cornwall, and in Saxony, Transylvania, and 
Bohemia. It is readily extracted from its ores by fusion. Bismuth is a 
brittle white metal, with a slight tint of red. It fuses at 50*7^, and expands 
and crystallizes on cooling. Its sp. gr. is 9 8. To obtain fine crystals, it 
should be purified by fusion with nitre, and when thus refined, carefully melted 
and poured into a heated mould, and suffered slowly and quietly to cool. 
When the surface has solidified, the crust is pierced, and the liquid metal 
poured out from the interior: the mould is then suffered to cool, and the 
superior crust carefully removed, when the cavity is found lined with irides- 
cent cubical crystals (pp. 25 and 291). Arsenic, iron, copper, nickel, silver, 
and other metals, are frequently found in the bismuth of commerce. To purify 
it, it may be dissolved in nitric acid, and the clear solution poured off into 
water, which occasions a precipitation of a subnitrate of bismuth, easily 
reducible by fusion with charcoal or black flux in an earthen crucible. 

Bismuth and Oxygen. — There are two well-defined oxides of bismuth, a 
teroxide=BiOg, and an acid oxide =Bi05. A third oxide has been described 
as a compound of these=Bi03,Bi05. 

Oxide of Bismuth ; Teroxide of Bismuth (BiOg). When bismuth is 
exposed at a white heat to a current of air, it burns, and produces an abun- 
dant yellow smoke, which condenses in the form of a yellowish-white subli- 
mate. The readiest mode of obtaining this oxide consists in dissolving 
bismuth in nitric acid, precipitating by dilution with water, edulcorating the 
precipitate, and heating it, w^hen dry, nearly to redness. Owing to imperfect 
washing, it frequently contains traces of arsenic acid. At a red heat, this 
oxide fuses, and when in fusion it acts upon other oxides much in the same 
way as oxide of lead. It forms, on cooling, a yellow vitreous mass of a spe- 
cific gravity of 8*2. It is easily reduced by hydrogen, charcoal, and several 
of the metals. It combines with water, forming a white hydrate, which is 
best obtained by digesting the precipitate formed by pouring the nitric 
solution of bismuth in water, into caustic potassa or soda, and after washing, 
drying it at 80°. It is insoluble in excess of the alkalies (and their car- 
bonates) ; and when boiled with them becomes yellow and anhydrous. It 
is also insoluble in tartaric acid, by which it is known from the antimonial 
precipitate in water. Native oxide of hismuth is a rare mineral, found in 
Cornwall and Saxony : it is the hismuth ochre of some mineralogists. 

Peroxide of Bismuth ; Bismuthic Acid (BiO-).-— This oxide is obtained 
by dropping nitrate of bismuth into a solution of caustic potassa, boiling 
in the alkaline liquor, washing the precipitate, and, whilst moist, diffusing it 
through a solution of potassa into which chlorine is passed ; a red precipitate 
is thus formed, which consists of bismuthic acid and teroxide, and which is 
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to be digested in nitric acid of sufficient strength to dissolve tlie oxide. The 
remaining acid, which is a hydrate, is to be well washed, and dried at 100° ; 
it is a red powder, becoming brown and anhydrous when dried at 266° ; at 
higher temperatures it begins to lose oxygen. It is decomposed by sulphuric 
acid, and by hot nitric acid. 

Nitrate of Bismuth (Bi03,3]Sr05,9HO).— When nitric acid is poured 
upon powdered bismuth, the action is intensely violent. Nitrate of bismuth 
is usually made by dissolving the metal to saturation in 2 parts of nitric acid 
and 1 of water ; nitric oxide is copiously evolved, and the solution affords 
prismatic crystals, which may be dissolved in a small quantity of water j but 
if the solution, even when acid, is poured into a large quantity of water, it 
is decomposed, and affords a white and somewhat crystalline precipitate, 
commonly called siibnitrate of bismuth, and formerly known as magistery of 
Msmuth, pearl white J and hlanc d'Espagne; it is insoluble in water, and when 
dried in the air is =Bi03,N05,HO ; but becomes anhydrous when adequately 
dried. This compound is used in medicine : it frequently contains arsenic 
in the form of arsenic acid, owing to imperfect washing of the precipitate. 
Out of five druggist's samples, we have found arsenic in three. The presence 
of this impurity may lead to a serious error. 

The nitrate is not so completely decomposed by water as the chloride : 
hence, in order to procure the complete decomposition of the nitrate, some 
hydrochloric acid should be added to the solution, and this should be after- 
wards concentrated by evaporation. The addition of a large quantity of 
water to the residue will then produce a copious white precipitate. {See 
Chloride.) 

Chloride of Bismuth ; Terchloride. (BiClg) is procured by gently heat- 
ing the metal in chlorine ; it burns, and forms a gray compound. This ter- 
chloride may also be prepared by heating 2 parts of corrosive sublimate with 
1 of powdered bismuth, and expelling the excess of the former by heat ; or 
by evaporating the solution of oxide of bismuth in hydrochloric acid to dry» 
ness, and heating the residue in close vessels. It was formerly called Butter 
of Bismuth. It is of a gray color, and fuses at about 480°. When exposed 
to air it deliquesces. It is decomposed by a large quantity of water. 

A solution of this compound may be obtained by dissolving pure teroxide 
of bismuth, or the pure sulphide, in hydrochloric acid, and evaporating the 
liquid. When added to a large quantity of water, a white oxychloride of 
the metal is precipitated (3BiCl3+6HO=BiCl3,2Bi03+6HCl). A small 
quantity of oxide of bismuth is, however, retained by the acid liquid. This 
precipitate has also received the name of pearl white. 

Sulphide of Bismuth (BiSy) is of a bluish and metallic lustre ; it is less 
fusible than bismuth. It may be formed by fusion ; and also by precipitating 
the salts of bismuth by sulphuretted hydrogen, when it forms a black or 
dark-brown precipitate (hydrated), which, when dried and heated, acquires 
a metalKc lustre. 

Sulphate op Bismuth (BiOgjSSOg) is obtained by heating powdered bis- 
muth in sulphuric acid. It is a white compound, insoluble in, but decom- 
posed by water, which converts it into a subsulphate and supersulphate. 

Carbonate of Bismuth is thrown down from the nitrate by carbonated 
alkalies ; it is a white powder, insoluble in water and in carbonic acid, and 
soluble in nitric acid with effervescence. 

Alloys of Bismuth.-— Those with tin and lead are remarkable for the low 
temperature at which they enter into fusion, and for the extraordinary irre- 
gularities of expansion and contraction which they exhibit with changes of 
temperature. An alloy of 2 parts of bismuth, 1 of lead, and 1 of tin, fuses 
at 200°. The alloy of 8 parts of bismuth, 5 of lead, and 3 of tin, fuses at 
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a little below 212° : the addition of 1 part of mercury or of cadmium renders 
it still more fusible. It may be employed for taking casts from medals, and 
even from the surface of wood and embossed paper : some beautiful casts 
have also been made, in this alloy, of the internal ear, showing the com- 
plexities of its bony cavities. When the alloy is poured npon a marble slab, 
and broken as soon as it is cool enough to be handled, its surfaces are bright 
and conchoidal, and the whole extremely brittle ; after this it becomes hot, 
and loses its brittleness, its fractured surface becoming granular and dull. 

Tests eor the Salts oe Bismuth. — Many of them are resolved by water 
into a soluble acid salt, and a less soluble or insoluble and more basic com- 
pound. 1. In the clear acid solutions of oxide of bismuth, potassa, soda, 
and ammonia, and their carbonates, produce white precipitates, insoluble in 
excess of the alkali, or its carbonate, and insoluble in hydroehlorate of am- 
monia. 2. Hydrosulphate of ammonia and sulphuretted hydrogen produce 
brown or black precipitates, insoluble in the precipitants, but soluble in 
boiling nitric acid, and easily reduced to metallic bismuth when mixed with 
soda, and fused in the inner flame of the blowpipe. 3. Chromate of potassa 
gives a golden-yellow precipitate, soluble in nitric acid, but insoluble in 
potassa. 4. Iodide of potassium gives a purple-brown precipitate. 5. Sul- 
phuric acid does not precipitate the solution; and by this reagent lead may 
be detected in, and separated from, bismuth. 6. Ferrocyanide of potassium 
gives a greenish-white precipitate, and ferricyanide a similar precipitate, but 
of a deeper color. 1. The acid solutions of bismuth are decomposed by 
zinc, lead, tin, and cadmium. A piece of zinc introduced into the solution 
is soon covered with a black uncrystalline deposit of reduced bismuth, which 
protects it from the further action of the acid. All the compounds of bis- 
muth give a metallic button on charcoal under the blowpipe flame. The 
metal is surrounded with a yellow border of anhydrous oxide. 

Bismuth may be mistaken for antimony from the fact that its salts, espe- 
cially the chloride, produce white precipitates when added to a large quantity 
of water, provided too much of the acid is not present. The white preci- 
pitate from bismuth is not soluble in tartaric acid, and is blackened by sul- 
phuretted hydrogen; that from antimony is easily dissolved by tartaric acid, 
and acquires a deep orange-red color from the gas. 

Cobalt (Co==30). 

The native combinations of cobalt are the oxide, and compounds of the 
metal with iron, nickel, arsenic, and sulphur. The ore called glance cobalt 
is a sulpho-arsenide. The red ore is an arseniate. 

Cobalt is never employed in the metallic state, so that the processes for 
its reduction are generally carried on upon a small scale, and confined to the 
experimental laboratory ; but there is much difficulty in obtaining it pure. 
It is a metal of a reddish-gray color, brittle, and difficultly fusible. Its sp. 
gr. is 8*9. It forms two oxides, a protoxide and a sesquioxide^ and these 
combine with each other. 

Protoxide of Cobalt (CoO), formed by adding potassa to the nitrate 
and washing and drying the precipitate out of contact of air, appears nearly 
black. By exposure to heat and air it absorbs oxygen, and is converted 
into peroxide. The protoxide, when recently precipitated and moist, is blue; 
if left in contact of water, it becomes a red hydrate ; it then absorbs oxygen, 
and acquires a green tint. It may also be obtained by heating the carbon- 
ate of cobalt out of contact of air ; it is then of a greenish-gray color. It 
is recognized by the facility with which it imparts a blue tint to vitrifiable 
compounds, and to white enamel. When hydrogen is passed over it at a red 
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heat, it is decomposed, and porous metallic cobalt remains, which is some- 
times pyrophoric. 

Peroxide op Cobalt; Sesquioxide of Cobalt (CO2O3.)— When the prot= 
oxide is heated in the air, it absorbs oxygen, and acquires a dark-brown 
color, forming an oxide intermediate between the peroxide and protoxide, = 
C03O4. When chlorine is passed through a mixture of the hydrated prot- 
oxide and water, or when a solution of chloride of cobalt is decomposed by 
chloride of lime, a black precipitate falls, which is the hydrated peroxide 
(Co303,3HO), and which may be deprived of water by cautious drying ; it is 
then black, and insoluble in dilute acids ; it does not form salts ; when acted 
on by hydrochloric acid it evolves chlorine, and yields a protochloride. 

Nitrate oe Cobalt (CoO,N05).-— With nitric acid the oxide of cobalt 
furnishes a brownish-red deliquescent salt, in rhombic crystals, consisting of 
CoO,N05,6I10. Characters written with it upon paper become pink in dry 
air, and disappear in a damp atmosphere. It thus forms a red sympathetic ink„ 

Chloride OE Cobalt (CoCl). — When oxide of cobalt is dissolved in hydro- 
chloric acid, evaporated to dryness, and the residuum heated to redness out 
of the contact of air, a substance of a blue color and micaceous texture is 
obtained, which is anhydrous chloride of cobalt. When this chloride is dis- 
solved in water, it yields a pink solution, which, if written with, becomes 
invisible when dry ; but if gently heated, the writing appears in brilliant blue 
(anhydrous chloride), which soon vanishes as the paper cools, in consequence 
of the salt absorbing aerial moisture (hydrochlorate of the oxide, p. 10) ; if 
overheated, the writing blackens. This solution has been termed sympathetie 
ink. When evaporated, it forms red crystals, composed of 1 atom of the 
chloride and 5 of water. 

Protosulphide of Cobalt (CoS) is yellowish-gray ; it fuses at a red-heat^, 
and is easily soluble in acids. 

Sesquisulphide oe Cobalt (CO2S3) is obtained by decomposing sulphate 
of cobalt by sulphuretted hydrogen at a red heat. It is dark gray, and 
occurs native. 

Sulphate OE Cobalt (CoO,S03) forms oblique rhombic prisms, soluble in 
24 parts of water at 60°, and insoluble in alcohol. It may be made by dis- 
solving the newly-precipitated protoxide or carbonate of cobalt in sulphuric 
acid diluted with its bulk of water. When dried at a temperature of 500° 
the crystals fall into a blue powder, which in a red heat fuses, but does not 
give off acid except at a very high temperature. When 1 part of sulphate 
of cobalt and 2 or 3 of sulphate of zinc are dissolved together and precipi- 
tated by carbonate* of soda, a precipitate falls which, when washed and cal- 
cined, has been used as a pigment, under the name of Rinmannh green. 

Phosphate oe Cobalt (3CoO,P05) may be formed by adding phosphate 
of soda to chloride of cobalt; it is insoluble in water, of a lilac color, and 
soluble in excess of phosphoric acid. — -TMnard's Blue. When phosphate of 
cobalt is mixed with pure and moist alumina, and exposed to heat, it produces 
a blue compound, which has been employed as a substitute for ultramarine. 
A pure salt of cobalt free from nickel, and pure alumina free from iron, are 
essential to the production of a fine blue. 

Carbonate oe Cobalt. — When nitrate, chloride, or sulphate of cobalt, 
is decomposed by carbonate of soda, a purple powder is precipitated, be- 
coming pink when dried, and soluble with effervescence in the acids. Heated 
in close vessels it gives off carbonic acid, and a gray protoxide remains : it 
is a mixture of carbonate and hydrated oxide=5CoO,2C03,4HO. 

Ammonia Compounds oe Cobalt..^ — Several of the salts of cobalt form 
double salts with those of ammonia. 

When hydrated oxide of cobalt is dissolved in an ammoniacal solution of 
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sal-ammoniac, it absorbs oxygen from the air, and acquires a purple color ; 
and if excess of hydrochloric acid be then added, and the mixture boiled, a 
crimson precipitate falls, leaving the liquor colorless. When this precipitate 
is dissolved in hot water, acidulated by hydrochloric acid, it deposits 
red octahedral crystals, insoluble in hydrochloric acid, and which, at a red 
heat, lose ammonia, and hydrochlorate of ammonia : their composition is 
8(]SrH,Cl-f2(CO)NH,). 

CoBALTOCYANiDES. — When cyanide of potassium is added to a solution of 
cobalt salt, a brown precipitate (CoCy) falls, which, dissolved in an excess 
of cyanide of potassium, yields a double cyanide=KCy,CoCy. When this 
salt is exposed to the air, or when a solution of hydrated oxide of cobalt in 
potassa is supersaturated with hydrocyanic acid, a salt is formed— K^,Co^,Cjq. 
It corresponds to the ferricyanide of potassium. Similar salts, with sodium 
and other bases, have been obtained. 

Borate of Cobalt. — Solution of borax occasions a pink precipitate in 
solution of chloride of cobalt, which is a borate of cobalt, and which produces 
a beautiful blue glass when fused. 

FsES OF Cobalt.— The chief use of cobalt is in the state of oxide as a 
coloring material for porcelain, earthenware, and glass : it is principally im- 
ported from Germany in the state of zaffre, and smalt, or azure. Zaffre is 
prepared by calcining the ores of cobalt, hj which sulphur and arsenic are 
volatilized, and an impure oxide of cobalt remains, which is mixed with 
about twice its weight of finely-powdered flint. Smalt and azure blue are 
made by fusing zaffre with glass, or by calcining a mixture of equal parts of 
roasted cobalt ore, common potassa, and ground flint. In this way a blue 
glass is formed, which, while hot, is dropped into water, and afterwards re- 
duced to impalpable powder. Th6nard's blue is a valuable pigment, and 
has been substituted for smalt in the manufacture of paper, though it is said 
not to be so effectual in covering the yellow tint of the paper. There was 
formerly a large addition of smalt made to bank-note paper, and consequently 
the ash obtained by the periodical combustion of notes at the Bank, often 
assumed by fusion the appearance of a deep blue gla^ : so also the blue- 
tinted writing-papers leave a fine blue ash when burned, and often exhale an 
aliaceous odor from the presence of arsenic in the smalt. Smalt generally 
contains traces of arsenic, and this substance may be thus transferred to 
starch and paper. In paper-making, there is some difficulty in keeping the 
smalt uniformly suspended in the pulp, so that the under side of the sheet is 
generally bluer than the upper. The manufacturers of paper-hangings also 
use smalt and Thenard's blue for all brilliant and durable blues. 

Tests for the Salts of Cobalt. — The salts are generally blue in the 
anhydrous state, as well as in concentrated acid solutions. If diluted, they 
have a crimson or pink-red color. 1. Sulphuretted hydrogen does not pre- 
cipitate an acid solution. If acetate of soda is added to the liquid, a dark- 
brown precipitate (CoS) falls. 2. JSydrosulphate of ammonia produces a 
dark-brown or black precipitate, which is quite insoluble in an excess of the 
reagent. 3. Ammonia gives a bluish precipitate, soluble in an excess of the 
alkali : the precipitate, on exposure to air, rapidly acquires a green, and 
finally a brown color. 4. Potassa throws down a deep blue precipitate, 
which, when boiled without exposure to air, becomes rose-red. The blue 
precipitate exposed to air becomes olive-green, and finally brown. 5. Alka- 
line carbonates give a light-red precipitate of basic carbonate. This preci- 
pitate is dissolved by carbonate or hydrochlorate of ammonia, forming a rich 
crimson-red solution. 6. Ferrocyanide of potassium produces a deep green, 
and Ferricyanide of potassium, a red-brown colored precipitate. 

The salts of cobalt which are insoluble in water are dissolved by hydro- 
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chloric and sulphuric acids. The hydrochloric solution on paper is identified 
by the red spot or streak acquiring a rich blue color when dried by a mode- 
rate heat, and by its resuming the ordinary red color when exposed to damp 
air (p. ^0). Before the blowpipe, borax and microcosmic salt acquire a 
blue color from cobalt and the compounds containing it. 

Nickel (M=30). 

"Nickel was discovered by Cronstedt, in 1151. Its commonest ore was 
termed by the German miners, kupfernichelj or " false-copper :'^ it is an 
arsenide of nickel. The common commercial source of nickel is an impure 
fused arsenide known under the name of Speiss ; it generally contains be- 
tween 50 and 60 per cent, of nickel. The pure metal may be obtained from 
this arsenide by roasting it, dissolving the product in a mixture of equal 
parts of nitric and hydrochloric acids, and evaporating the solution to dry- 
ness, so as to expel excess of acid; then redissolving the residue in water, 
passing a current of sulphuretted hydrogen through the solution, and filter- 
ing. A little nitric acid is added to the filtrate, and after boiling it, an 
excess of caustic ammonia is added ; it is again filtered, and solution of pot- 
assa added until the blue color of the liquid nearly disappears ; this produces 
a green precipitate, which, when thoroughly washed with boiling distilled 
water, dried, and exposed to a red heat in a current of hydrogen gas, leaves 
the nickel in a finely divided state. It may be obtained in the form of a 
button by fusion at a white heat, 

Nickel is a white, ductile, and malleable metal, nearly as difficult of fusion 
as iron : it is magnetic, but its magnetism is more feeble than that of iron, 
and vanishes at a heat somewhat below redness. It is not oxidized at com- 
mon temperatures, but when heated it acquires various tints, like steel, and 
at a red heat becomes coated by a gray oxide. Its sp. gr. is 8*8. It is 
slowly soluble in dilute sulphuric and hydrochloric acids, evolving hydrogen, 
and producing protosalts : nitric acid is its best solvent. 

Protoxide of Nickel (NiO) is obtained by adding potassa to the solution 
of the uitrate or sulphate ; a green precipitate falls, which is a hydrated 
protoxide ; this, heated to redness, affords a gray protoxide. The carbonate, 
oxalate, and nitrate of nickel, when heated to redness, also afford the prot- 
oxide in the form of a gray powder : when intensely heated out of contact 
of air, the oxide becomes green. It is not magnetic. This oxide, in the 
state of hydrate, dissolves in ammonia, forming a sapphire-blue solution, a 
property made use of to separate oxides of nickel and iron, the latter (per- 
oxide) being insoluble in ammonia. 

Peroxide oe Nickel ; Sesquioxide oe Nickel (Ni^Og). — ^When nitrate 
or carbonate of nickel is carefully heated nearly to redness, a black powder 
remains, which is this oxide. It may be obtained as a hydrate by passing 
chlorine through the hydrated protoxide diffused in water, in which case a 
solution of protochloride is obtained, and peroxide is formed (3Ni04-Cl= 
NiCl + NigOg). It may also be formed by the action of a warm solution of 
chloride of lime upon the hydrated protoxide. When this hydrated oxide 
is carefully dried, it is =Ni20j^,3HO. It does not combine with acids. 

Chloride of Nickel (NiOl). — When finely-divided nickel is heated in 
chlorine, it burns, and a golden-colored chloride results. This compound 
may also be obtained by dissolving the oxide in hydrochloric acid, evaporating 
to dryness, and heating the residue to redness in a glass tube : it then 
remains in the form of a yellow lamellar substance, volatile at a high red 
heat, which dissolves in hot water, and leaves on evaporation a confusedly 
crystalline mass of an apple-green color, and sweetish taste=NiCl,9H0.— - 
AmmoniO' chloride of Nickel. 100 parts of anhydrous chloride of nickel 
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absorb H*8 of ammonia, becoming a bulky white powder=3(I^H3),NiCP 
which yields a blue solution with water. 

Nitrate of Nickel (MOjNOsjSHO). — Nitric acid acts upon nickel with 
disengagement of nitric oxide, and a bright green solution of protoxide is 
obtained, which yields prismatic crystals : exposed to heat, part of the acid 
may be driven off so as to leave a green insoluble subnitrate, and this at a 
higher temperature is decomposed, peroxide, or ultimately protoxide, of 
nickel remaining. The crystals of nitrate of nickel effloresce in dry air, bub 
deliquesce in a damp atmosphere ; they are soluble in 2 parts of water at 60°, 
and also in alcohol. 

Sulphide oe Nickel (NiS) may be formed by heating nickel filings with 
sulphur ; they combine with ignition ; also by heating oxide of nickel with 
sulphur ; or by passing sulphuretted hydrogen over the heated oxide. It is 
yellow, and resembles pyrites. 

Sulphate oe Nickel (Ni0,S03,'TH0) is formed by dissolving the oxide 
or carbonate of nickel in diluted sulphuric acid : it yields emerald-green 
prismatic crystals, soluble in about 3 parts of water at 60°, and efflorescent 
by exposure ; its taste is sweet and astringent; it is insoluble in alcohol and 
in ether. Exposed to heat, the crystals crumble down into a yellow powder : 
at a white heat the acid is expelled, and protoxide remains. When the 
ordinary crystals (containing 1 atoms of water) are exposed to the sunshine, 
or w^hen long kept, they become a congeries of small octahedral crystals, 
which are opaque, but retain the original quantity of combined water. 

Sulphate of Ammonia and Niclcel. — (NH40,NiO,2S03,5HO) is obtained 
by evaporating a mixed solution of sulphate of ammonia and sulphate of 
nickel ; it forms four-sided prismatic crystals, of a blue-green color, soluble 
in four parts of cold water. Anhydrous sulphate of nickel absorbs gaseous 
ammonia, evolving heat, and forming a bulky pale blue powder, which gives 
a blue solution in water, and deposits green hydrated oxide : the amount of 
ammonia absorbed is about 56 per cent., so that the compound may be 
represented as 3(NH3,)NiO,S03. Sulphate of Fotassa and Nickel (KO,NiO, 
2S03,6HO) is obtained by evaporating the mixed solution of sulphate of 
nickel and sulphate of potassa. It forms pale green rhomboidal crystals, 
isomorphous with the corresponding magnesian salt. Double sulphates of 
nickel and iron, and of nickel and zinc, may also be obtained. 

Phosphate oe Nickel, 3(NiO)P05, being nearly insoluble, is precipitated 
upon adding phosphate of soda to a solution of nickel. It is of a pale-green 
color, and sometimes forms a crystalline powder. 

Carbide of Nickel occasionally remains in the form of a shining powder, 
when a button of the metal which has been fused for a long time in contact 
with carbon is dissolved in nitric acid. 

Carbonate op Nickel (NiO,C02) falls as a crystalline powder when a 
solution of nitrate of nickel is dropped into a solution of bicarbonate of soda. 
There is also a basic carbonate. 

Cyanide of Nickel (NiCy) is thrown down as a green precipitate when a 
soluble cyanide is added to a solution of nickel, or w^hen hydrocyanic is 
mixed with acetate of nickel. 

Potassio-cyanide oe Nickel (KCy,NiCy). — When freshly precipitated 
cyanide of nickel is dissolved in a solution of cyanide of potassium, yellow 
rhombic prisms are obtained on evaporation, which are this double cyanide 
with 1 atom of water. Similarly constituted salts may be obtained with the 
cyanides of ammonium, calcium, and barium. 

Alloys of Nickel.— An alloy of nickel and iron forms a principal metallic 
ingredient in most aerolites or meteoric stones, and in the masses of native 
iron found in various parts of the world, in which the proportion of nickel 
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varies from 1-5 to 8*5 per cent. "With copper, nickel forms a hard white alloy. 
The white copper of the Chinese, or Pakfong, consists of 40*4 parts of copper, 
31 '6 of nickel, 25*4 of zinc, and 2*6 of iron. A similar alloy is often used 
as a substitute for silver, or for plated articles, under the name of German 
silver ; it should consist of 8 parts of copper, 3 to 4 of nickel, and 3^ of 
zinc. A variety of articles are now plated with nickel by electrolytic pre- 
cipitation from a solution of sulphate of nickel, the process being similar to 
that in which copper is used. 

Tests for the Salts op Nickel.— The salts of nickel are green in the 
hydrated, and yellow in the anhydrous state. Their solutions have a green 
color and an acid reaction. 1. Sulphuretted hydrogen produces no precipitate 
in an acid solution ; but if acetate of soda is added to the liquid in small 
quantity ; there is a dark-brown or black precipitate. 2. Hydrosulphate of 
ammonia gives a similar precipitate, which is only partially dissolved by an 
excess of the reagent. 3. Ammonia gives, in neutral solutions, a pale 
greenish precipitate, which is dissolved by an excess of the alkali, forming a 
blue solution. The precipitate is also soluble in hydrochlorate of ammonia. 
4. Fotassa gives a pale green precipitate of hydrated protoxide, insoluble in 
an excess of the alkali, but dissolved by hydrochlorate of ammonia. Potassa 
in excess gives a pale green precipitate in the blue solution formed' by 
ammonia with a salt of nickel (3). The blue solution of a salt of copper in 
ammonia is not affected by the addition of potassa. 5. Alkaline carbonates 
give a similar precipitate soluble in an excess of carbonate of ammonia, 
forming a blue solution. 6. Ferrocyanide of potassium give a pale greenish 
precipitate even in the ammoniacal solution of nickel. This test forms a clear 
distinction between nickel and copper. The Ferricyanide gives a greenish- 
yellow precipitate. Before the blow^pipe, these salts give with borax a 
reddish-yellow bead, which becomes paler as it cools, and which, in the 
reducing flame, yields grayish particles of reduced nickel. 

Chromium (Cr=26). 

Chromium was discovered by Yauquelin in nOY. Its two native combi- 
nations are the chromate of lead, and the chromite of iron, a compound of the 
oxides of chromium and iron. 

Metallic chromium may be obtained by intensely igniting its oxide with 
about a tenth of its weight of charcoal, but the reduction is difficult and 
imperfect. Its color resembles that of platinum ; it scratches glass, and 
takes a good polish. Its sp. gr. is 5*9. It has also been obtained by the 
action of potassium on chloride of chromium, and is then pulverulent, burns 
when heated, into an oxide, and is energetically acted on by most of the 
acids ; whereas, when obtained by the usual modes of reduction, it is com- 
paratively indifferent to the action of powerful reagents. 

Chromium and Oxygen. — There are four oxides of chromium — namely, 
protoxide, CrO ; a sesquioxide, Cr^Og ; an intermediate oxide, CrO,Cr203; 
and lastly, chromic acid, CrOg. In addition to these, a perchromic acid has 
been announced, having the formula Cr^O^. 

Protoxide oe Chromium (CrO) is obtained in the form of a brown 
hydrate, by the action of potassa on the corresponding protochloride : it is 
unstable, and passes by the action of air or water into the intermediate oxide, 
which is isomorphous with the magnetic oxide of iron. 

Sesquioxide op Chromium (Cr^Og) is obtained by heating chromate of 
mercury, or chromate of ammonia, to dull redness; it is also formed by the 
action of a red heat upon bichromate of potassa ; in this case neutral chromate 
of potassa is formed, which may be removed by washing the product. This 
oside is of a green color, and not changed by heat, and is much used in 
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enamel and porcelain painting ; it also forms an ingredient in the pink color 
of common earthenware, which is prepared by heating a mixture of 1 part 
of chromate of potassa with 30 of peroxide of tin, and 10 of chalk, to a 
red heat, and then washing the finely powdered product with dilute hydro- 
chloric acid. 

In its hydrated state this oxide is obtained by precipitation from its acid 
solutions : for this purpose a solution of bichromate of potassa may be strongly 
acidulated with sulphuric or hydrochloric acid, and boiled with the addition 
of a little alcohol, by which the red salt is deoxidized, and a green solution 
obtained, from which ammonia throws down a bulky greenish precipitate, 
w^hich, when washed and dried in the air, is Cr^OgjlOHO. When this 
hydrate has been heated, it shrinks, and is difficultly soluble. At a tempera- 
ture a little below a red heat it suddenly becomes incandescent. It is a weak 
base, and forms green and purple solutions ; the former do not crystallize, 
but the latter readily yield crystallizable salts. 

Native Sesquioxide of Chromium has been found in the form of a green 
incrustation. It is the coloring matter of the emerald, and exists in a few 
other minerals, such as a diallage and some varieties of serpentine. 

Chromio Acid (CrOg). — This acid is most readily obtained by mixing 4 
measures of a cold saturated solution of bichromate of potassa with 5 . of 
sulphuric acid : the chromic acid separates, as the liquid cools, in crimson 
needles, which may be dried upon a porous tile, under a bell-glass. The 
crystals are very soluble in w^ater, but sparingly soluble in sulphuric acid of 
the specific gravity of 1*55 : they are anhydrous, and become of a very dark 
color when heated, but resume their scarlet tint on cooling ; they fuse at 
about 400^, and when more highly heated become incandescent, giving off 
oxygen, and yielding sesquioxide. They taste sour and metallic. Chromic 
acid dissolves in alcohol, and the solution gradually deposits green oxide. 
It is a powerful oxidizing and bleaching agent, yielding half its oxygen to 
oxidizable bodies, and being reduced to sesquioxide ; (2Cr03=Crg03+Og) : 
hence a mixture of bichromate of potassa and sulphuric acid is frequently 
resorted to as a means of oxidizing organic bodies. It decomposes a solution 
of iodide of potassium, and sets free iodine, producing the usual blue color 
when starch is added to the mixture. 

Ferohromic Acii) (Cr^Oy). — When chromic acid is agitated with peroxide 
of hydrogen, the liquid acquires a beautiful blue color (pp. lOY, 140) ; and 
by means of ether, the blue-colored compound may be separated from the 
watery solution. It has not been obtained in an isolated state, or in com- 
bination with bases, but it is supposed to be chromic acid in a higher stage 
of oxidation ; and its formula is assumed to be similar to that of the per- 
manganic acid. 

Chromate of Potassa (KO.CrOy) is prepared by exposing a mixture of 
4 parts of powdered native chromite of iron with 1 of nitre, to a strong heat 
for some hours, and washing out the resulting soluble matter : The process 
is repeated until the ore is decomposed. The washings yield chromate of 
potassa by evaporation. 

This process is now generally conducted so as to yield a hichromate, by 
heating the pulverized chrome-iron ore with carbonate of potassa and a 
little nitre in a reverberatory furnace, and constantly stirring the mixture, 
to complete the oxidization ; the product is then digested in water, and the 
yellow solution is supersaturated by nitric acid, which throws down silica, 
and by abstracting a portion of potassa leaves hichromate. Chromate of 
potassa forms yellow prismatic crystals of a disagreeable metallic taste, 
soluble in about twice its weight of water, and insoluble in alcohol. When 
heated to 400° it acquires a crimson color, but becomes again yellow on 
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cooling. When fused it crystallizes on cooling, but is not decomposed 
except in contact of carbonaceous matter, when carbonate of potassa and 
oxide of chromium are produced. 

Bichromate of Potassa (KO,2Cr03) is obtained by adding a sufficiency 
of sulphuric or other acid to a solution of the chromate to give it a sour 
taste, and setting it aside for a day or two, when deep orange-colored 
or red crystals are deposited ; the acid abstracts half the potassa, and if sul- 
phuric acid is used, there is some difficulty in separating the sulphate from 
the chromate ; nitric acid is preferable. The crystals are anhydrous prisms, 
permanent in the air, of a metallic taste, soluble in 10 parts of water at 60°, 
and much more soluble in boiling water. At a red heat they fuse into a 
transparent liquid, which congeals into a crystalline mass on cooling, and 
then falls to powder. At a white heat, half the acid of the salt is decom- 
posed, forming a mixture of oxide of chromium and neutral chromate of 
potassa. When 3 parts of bichromate of potassa are gently heated with 4 
of sulphuric acid, potassio-sulphate of chromium is formed, and oxygen 
evolved: (KO,2Cr03-}-4(S03,HO) = [KO,S03+Cr,03,8S03] + 4HO + 3G). 
Both the chromate and bichromate have a deleterious action on the system 
when their solutions are brought much in contact with the skin, causing 
sores which are difficult to heal. Paper impregnated with these salts has 
photographic properties, and, when dried, forms excellent tinder. The 
solutions have powerful antiseptic properties. 

Bichromate of Chloride of Potassium (KCl,2CrOg). — When 2 atoms 
of chromic acid and 1 of chloride of potassium are dissolved in hydrochloric 
acid, crystals of this salt may be obtained in the form of flat prisms, having 
the color of the bichromate. This salt is permanent in the air, and may be 
dissolved without decomposition in dilute hydrochloric acid ; but by pure 
water it is resolved into hydrochloric acid and bichromate. Similar bichro- 
mates of the chlorides of sodium, calcium, magnesium, and ammonium have 
been formed. 

Chromate of Soda (NaOjCrOg) crystallizes in oblique rhombic prisms 
of a fine yellow color, very soluble in water, and sparingly so in alcohol. 

Bichromate of Soda (]N'aO,2Cr03) is more soluble than the preceding s 
it forms prismatic and tabular crystals. 

Chromate of Lead (PbO,CrOg).— When chromate of potassa is added 
to any of the soluble salts of lead, a fine yellow powder falls, which is the 
neutral chromate : it is insoluble in water, but soluble in nitric acid, and in 
solution of potassa : solution of carbonate of potassa forms with it carbon- 
ate of lead and chromate of potassa. It is decomposed by sulphuric acid, 
sulphate of lead is formed, and chromic acid set free. 

Native Chromate of Lead i^ of a deep orange-red color; it occurs crystal- 
lized in prisms, somewhat translucent and brittle. Specific gravity, 6. 

Bichromate of Lead; Subchromate of Lead, 2(PbO),Cr03, is formed 
by digesting the neutral chromate in a dilute solution of caustic potassa ; it 
is of a scarlet color. These chromates of lead are valuable pigments, and 
used both as oil and water colors, and in calico-printing and dyeing. 

The mineral called Vauquelinite is a double chromate of lead and copper, 
having the formula 2(PbO),CuO,3Cr03. The dark-red mineral, which has 
been termed melanochroit, is a sesquichromate of lead, = ^TbO,2CvO^. 

Protochloride of Chromium (CrCl) is formed by passing hydrogen 
over the sesquichloride at a dull red heat, when a white crystalline mass 
remains, which at a higher heat fuses, and on cooling presents a fibrous 
texture. 

Sesquichloride of Chromium (CrgClg) is formed along with the proto- 
chloride in the process just described : it is also obtained by evaporating to 
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dryness the hydrochloric solution of the sesqiiioxide, and heating the residue 
intensely in a retort, or in a stream of chlorine ; it forms a crystalline pink 
sublimate, which yields a green solution with water. 

OxYCHLORiDE OF Chromium; Ghromate of Ter chloride of Chromium; 
Chlorochromic Acid (CrClgjSCrOg).— -This compound is obtained by heating 
a mixture of chromate of potassa, chloride of sodium, and sulphuric acid ; 
sulphate of potassa and sulphate of soda remain in the retort, and the oxy- 
chloride of chromium distils over : 8(KO,Cr03)4-3NaCl + 6S03=3(KO,S03) 
-|-3(NaO,SO3)-{-(0rCl3,2CrO3). It is a fuming liquid of a deep red color : 
it decomposes water, forming chromic and hydrochloric acids. When 
passed through a red hot tube, it is resolved into oxygen, chlorine, and 
sesquioxide of chromium : 2(CrCl3,2Cr03)=3(Cr,03) + 03+C]6. 

Terfluoride of Chromium (CrFg) is obtained by distilling 4 parts of 
chromate of lead, 3 of powdered fluor-spar, and 8 of sulphuric acid, in a 
platinum retort : the vapor which passes over may be condensed by cold 
into a red liquid, which is converted by the moisture of the air into chromic 
and hydrofluoric acids : CrF3+3HO, = Cr03-f 8HR 

Sesquisulphide OF Chromium (Cr2S3) is formed by passing the vapor of 
sulphide of carbon through a red-hot porcelain tube containing protoxide 
of chromium : it is of a dark-gray color, and when heated in the air it burns 
into oxide. It is a weak sulphur base, and forms a few sulphur salts. 

Sulphate of Chromium.— When a solution of 8 parts of hydrated oxide 
of chromium in 9 of sulphuric acid is exposed to the air in a covered basin 
it concretes in a few weeks into a blue-green crystalline mass ; when this is 
dissolved in water, and alcohol added, a blue crystalline compound falls, 
soluble in about its weight of water at 60° ; it consists of Cr303,3S03,15HO. 
With sulphate of potassa it forms a beautiful double salt, which crystallizes 
in green and purple octahedra, and has been termed chrome alum^ its formula 
being KO,S03,-f-Cr203,3S03,+24HO. It also forms a similar aluminoid 
compound with sulphate of ammonia, =NH40,S03 4-Cr203,3S03, + 24HO. 
This blue sulphate, when heated to 212°, becomes green, losing 10 atoms of 
water, and though soluble, is no longer crystallizable. If either of these 
sulphates is heated to about 100°, a red insoluble anhydrous salt remains= 
Cr203,3S03, which, however, by long digestion in water, reverts to the 
soluble varieties. 

Tests for the Compounds of Chromium.— -The sesquisalts of this metal 
are of various shades of green, blue, or purple, and their solutions are 
usually red by transmitted light. 1. With potassa and soda, and their car- 
bonates, they give green precipitates, soluble in an excess of the precipitant, 
forming green solutions, but again thrown down as anhydrous oxide on boiling 
the liquid. 2. Ammonia and the hydrosulphate of ammonia throw down a 
bluish-green hydrated oxide, partially soluble in excess of ammonia, forming 
a pink solution. Carbonate of ammonia acts in a similar manner. 

The salts of the protoxide soon absorb oxygen, and are decomposed, or 
pass into sesquisalts. 

The chromates are all deeply colored : they are decomposed when boiled 
with deoxidizing agents (grape-sugar, arsenious acid), and the sesquioxide 
is formed. A solution of chromate of potassa gives a characteristic yellow 
precipitate with the soluble salts of lead, orange with those of mercury, and 
red with those of silver. A compound of chromium fused at a high tempe- 
rature, with a mixture of carbonate of soda and chlorate of potassa, forms a 
soluble chromate of the alkali, producing a yellow solution in water, which 
may be tested in the manner above described. Before the blowpipe, they 
color borax green in the interior, and yellow or red in the exterior flame. 
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CHAP TEE XXXIV. 

VANADIUM — TUNGSTEN— CO LUMBIUM — NIOBIUM— ILMENIUM 
— NORIUM—PELOPIUM— MOLYBDENUM — URANIUM — TELLU- 
RIUM— TITANIUM. 

Vanadium (V=68). 

This metal was discovered* in 1830, and named after Vanadis, a Scandi- 
iiavian deity. It occurs in certain lead ores. It may be obtained by decom- 
posing chloride of vanadium by a current of dry ammonia, in a glass tube 
heated over a spirit-lamp; sal-ammoniac sublimes, and metallic vanadium 
remains. It may also be obtained by heating vanadic acid with potassium. 

Yanadium has a silvery lustre, is brittle, and not acted upon by air or 
water at common temperatures ; at a dull red heat it burns into a black 
oxide ; it is not acted upon- by sulphuric or hydrochloric acid, but nitric and 
nitrohydrochloric acids yield with it dark-blue solutions. 

Oxides of Yanadium. — There are three compounds of this metal with 
oxygen ; two oxides, and an acid. — Protoxide of Vanadium (YO). When 
a stream of dry hydrogen gas is passed over heated vanadic acid, water is 
formed, and a l3lack substance remains, which is infusible, and which, when 
heated in the air, is converted by slow combustion into the binoxide. It is 
KOt SBli^iohle.-— Binoxide of Vmiadium; Vanadious Acid (YO^). This is 
the only salifiable oxide : it may be obtained in the state of hydrate, by pre- 
cipitation from its acid solutions by carbonate of soda in very slight excess. 
It yields blue solutions with the acids, and dissolves in caustic potassa and 
in ammonia, forming brown liquids. — -Vanadic Acid (YO^). When vanadate 
of ammonia is heated in an open vessel it acquires a red color, and leaves 
vanadic acid : heated in a close vessel, the hydrogen of the ammonia deoxi- 
dizes the acid, and the binoxide is the product. Yanadic acid, when fused, 
is red, but when in powder, brown : it fuses at a dull red heat, and in the 
act of cooling it contracts in bulk, and becomes incandescent. It undergoes 
no change by heat, provided deoxidizing agents are excluded ; but when com- 
bustible matter is present it passes into oxide : it is tasteless, insoluble in 
alcohol, and nearly so in yf2i\.^v.— -Vanadates. These compounds are gene- 
rally yellow, but sometimes are produced colorless, without apparent change 
of composition, and give a blue solution, distinctly opposed to the green of 
chromium. The soluble vanadates are deoxidized by alcohol, sulphuretted 
hydrogen, and sulphurous acid. Yanadic acid dissolves and forms colored 
compounds with the binoxide : they are formed when the binoxide in water 
is exposed to air ; it gradually forms vanadic acid, and the solution becomes 
blue, green, yellow, and red, according to the extent of acidification. 

Yanadium combines with chlorine, bromine, iodine, sulphur, and cyanogen. 
. — Chloride of Vanadium, When dry chlorine is passed over a red-heated 
mixture of protoxide of vanadium and charcoal, in a glass tube, a yellow 
liquid is obtained, which when acted upon by water yields hydrochloric and 
vanadic acids : it is therefore a terchloride (VGL).'-~-Sidphide of Vanadium. 
By passing sulphuretted hydrogen over the binoxide heated to redness, a 
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hisulpliide is formed. Wheu sulphuretted hydrogen is passed through vanadic 
acid in water, a mixture of hydrated binoxide and sulphur is precipitated ; 
but when a solution of vanadic acid in hydrosulphate of ammonia is acidu- 
lated by hydrochloric acid, a brown hydrated tersulpJiide subsides. 

Tungsten (W=92). 

This metal, called also Wolframium., was discovered in 1181. It derives 
its name tungsten, from two Swedish words signifying heavy stone. Its 
native sources are loolfram, which is a tungstate of iron and manganese, = 
MnO,W03,+3(FeO,W03), and tungstate of lime, CaO,W03. It is obtained 
by passing hydrogen over ignited tungstic acid mixed with charcoal. It is 
very difficult of fusion, hard, brittle, and of an iron-gray color. Its specific 
gravity is 11 'G. It is oxidized by the action of heat and air, and by nitric acid. 
It is also oxidized and gradually dissolved by a solution of potassa, with the 

evolution of hydrogen, and tungstate o/)?oto55a is produced Oxide of Tungsten; 

Binoxide of Tungsten (WOg). This oxide may be obtained by mixing finely- 
powdered wolfram with twice its weight of carbonate of potassa, and fusing 
it in a platinum crucible. Tungstate of potassa is thus formed, which is dis- 
solved in hot water with half its weight of sal-ammoniac, evaporated to 
dryness, and heated red-hot in a Hessian crucible. The mass is then well 
washed in boiling water, and digested in a weak solution of potassa. The 
residue is oxide of tungsten. Thus prepared, the oxide is black, and when 
heated to redness it suddenly ignites and burns into tungstic acid. It does 
not combine with acids. When a current of hydrogen is passed over heated 
tungstic acid, it is partially deoxidized and converted into a chocolate-colored 
oxide, which neither combines with acids nor bases, and which is identical 
in composition with the above. If the action of hydrogen be continued, the 
oxide itself is reduced. 

A compound of this oxide with soda is obtained by adding as much tung- 
Stic acid to fused tungstate of soda as it will dissolve, and then passing hy- 
drogen over the compound at a red heat ; on washing out the undecomposed 
tungstate with water, a golden-colored substance remains, in cubes and scales 
of a metallic lustre, and insoluble in caustic alkalies and in nitric, sulphuric, 
and nitrohydrochloric acids, but soluble in hydrofluoric acid. 

Tungstic Acid (WO3) is obtained when the oxide is heated red hot, and 
stirred in an open vessel. When finely-powdered native tungstate of lime is 
boiled for some hours in nitric acid, tungstic acid is separated, in the form of 
a yellow powder, which may be freed from adhering nitric acid by dissolving 
it in ammonia and heating the tungstate of ammonia to redness. Tungstic 
acid is a yellowish powder, insoluble in water, but soluble in the caustic alka- 
lies, when in its hydrated state ; after it has been heated it is difficultly acted 
upon by solvents, but most of its compounds may be obtained by fusion at a 
red heat. The tungstate of soda is employed for the purpose of rendering 
cotton and linen uninflammable. The most delicate lace impregnated with a 
T/eak solution of this salt dried and burnt, is converted into carbon without 
inflaming. 

Chloride of Tungsten (WClg).— When tungsten is heated in chlorine, 
it forms a red crystalline compound, fusible, and volatile, whigh becomes blue 
in water.— Per c/i^onWe of Tungsten (WGlg). When sulphide of tungsten is 
heated in chlorine, it forms a percliloride, which condenses in red crystals. 
This chloride is resolved by the moisture of the air into tungstic and hydro- 
chloric acids. 

Sulphide of Tungsten.-— Wb en sulphuretted hydrogen is passed over 
tungstic acid heated highly in a porcelain tube, a black powder is obtained^ 
which is a bisulphide=WS,. 
21 
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Characters of the Compounds of Tungsten.-- -Before the blowpipe, 
tungstic acid becomes upon charcoal at first brownish-yellow, is then reduced 
to a brown oxide, and lastly becomes black without melting or smoking. 
With microcosmic salt, in the internal flame, and in small proportion, it forms 
a blue-colored glass ; if iron is present the color is blood-red. 

The tungstates of the alkalies are colorless, and form colorless solutions. 
When a little hydrochloric acid is added, and a bar of zinc is placed in the 
solution, the liquid soon acquires a rich blue color from the production of 
oxide of tungsten. The presence of this metal in any mineral may be thus 
easily recognized. The substance should be powdered, and fused with four 
times its weight of carbonate of soda mixed with some nitre. A soluble 
tungstate is thus produced, which may be tested by the process above de- 
scribed. Mineral acids, excepting the phosphoric, precipitate tungstic acid 
from solution of tungstates, in an insoluble form. 

CoLUMBiUM (Ta=184). 

This metal, called also Tantalum, was discovered in 1801, in a mineral 
from North America (Columbia). It was afterwards found in the minerals 
called tantalite, yttro-tantalite and Fergusonite. Columbium has been obtained 
by heating potassium with the potassio-fluoride of columbium, and washing 
the reduced mass with water. It remains in the form of a black powder ; 
by pressure it acquires the lustre and color of iron ; it burns at a red heat 
into a whitish oxide. It is insoluble or nearly so, in most acids. Heated to 
redness, it burns into columbic acid. 

Oxide of Columbium ; Tantalous Acid (TaOJ.— -When columbic acid is 
intensely heated in a charcoal crucible, it is superficially reduced to a metallic 
state, but the interior portion is a dark-gray oxide, becoming brown when 
pulverized ; it is insoluble in the acids, but may be peroxidized by fusion with 
potassa. 

Columbic Acid; Tantalic Acid (TaOg) is obtained by fusing finely- 
powdered tantalite with caustic potassa ; a soluble columbate of potassa is 
formed, from which the columbic acid may be precipitated, as a white hydrate^ 
by acids. After having been ignited, it is nearly insoluble in acids, but so- 
luble in potassa. The hydrated acid (TaOgjSHO) dissolves in potassa, in 
nitric, hydrochloric, hydrofluoric, sulphuric, tartaric, citric, and oxalic acids. 
It is dissolved by a solution of binoxalate of potassa, but scarcely at all by 
bitartrate of potassa. It is again precipitated from its acid solutions by 
alkaline carbonates. Eerrocyanide of potassium produces a yellow ; infusion 
of galls an orange ; and the hydrosulphates a white precipitate in the oxalic 
solution. Tantalic acid is precipitated by water from its solution in sul- 
phuric acid, and when this precipitate is dissolved in diluted hydrochloric 
acid, and a bar of zinc is introduced, the liquid at first acquires a blue color, 
and afterwards becomes brown. (Will.) 

Niobium. Ilmenium. Norium. Pelopium.— Among these rare metals, 
the two first-mentioned have been announced as associated with columbium 
m some varieties of tantalite, but their distinctive characters have been as yet 
very imperfectly ascertained. Niobium is considered by some chemists to be 
columbium, while the metal pelopium has no independent existence, the pe- 
lopic and niobic acids being identical. Yon Kobell has announced another 
metal of this series, to which he has given the name of Dianium. He states 
that it exists in the columbite of Tammela, in euxenite, and other minerals. 
Rose and St. Clair Deville, who have examined these minerals, affirm that 
the supposed dianic acid is hyponiobic acid. Dianium, therefore, is identical 
with Pelopium and Columbium {Cosmos, Janvier, 1862, p. 28.) 
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Molybdenum (Mo =48). 

This metal derives its name from the Greek fioTivi^^atva, owing to the re- 
semblance of the native bisulphide to plumbago or black lead. It was dis- 
covered in 1182. The bisulphide is its principal ore; there is also a native 
molyhdate of lead. To procure molybdenum, the pulverized native sulphide 
is roasted in a muffle, so as to burn off the sulphur : a gray powder remains, 
which is digested in ammonia, and the solution filtered and evaporated to 
dryness : the dry residue is then dissolved in nitric acid, and again evapo- 
rated to dryness, when pure molybdic acid is left If this be made into a 
paste with oil and charcoal, and intensely heated, the metal remains. It may 
also be obtained by passing hydrogen over molybdic acid at a red heat in a 
porcelain tube. 

Molybdenum is a whitish, brittle, and very difficultly-fusible metal ; when 
intensely heated in the air, it produces a white crystalline sublimate of molyb- 
dic acid. It forms three compounds with oxygen, two of which are salifiable, 
and the third an oxide. 

Protoxide oe Molybdenum (MoO) is obtained by dissolving molybdic 
acid in hydrochloric acid, and putting a piece of zinc into the solution : the 
liquid changes to blue, red, and black ; excess of ammonia is then added, by 
which protoxide of molybdenum is thrown down in the form of a black hy- 
drate, whilst the oxide of zinc is retained in solution. In the state of hydrate, 
this oxide is soluble in the acids, but when anhydrous, it is almost insoluble. 
It is not dissolved by the caustic and carbonated alkalies, but the recently- 
precipitated hydrate is soluble in carbonate of ammonia. 

Deutoxide oe Molybdenum (M0O3). — This oxide is obtained by heating 
a mixture of sal-ammoniac and molybdate of soda in a platinum crucible 
until the fumes cease : the residue is well washed, digested in caustic potassa 
to separate any molybdic acid, and again washed with boiling water, t The 
oxide remains in the form of a black powder, becoming dark-brown when 
dry, and purple when exposed to the sun's rays. Although zinc reduces 
molybdic acid to the state of protoxide, copper only brings it down to deut- 
oxide ; if therefore, copper, molybdic acid, and hydrochloric acid are put to- 
gether, the molybdic acid disappears, and the liquid, which contains the 
chlorides of copper and molybdenum, acquires a deep-red tint. When an 
excess of amm.onia is added to the liquid, the deutoxide of molybdenum is 
thrown down, and the oxide of copper is retained in solution ; the precipitate 
is cleansed by washing with solution of ammonia, and when carefully dried 
in vacuo over sulphuric acid, is the hydrated deutoxide. It is brown, 
slightly soluble in water, and insoluble in saline solutions and in caustic 
alkalies, but soluble in their carbonates. When heated in vacuo, it becomes 
dark brown, and loses its solubility. 

Molyhdous J[a(^.-»-When metallic molybdenum and molybdic acid are 
boiled together in water, a blue solution is formed, which has sometimes been 
termed molyhdous acid, and regarded as a distinct stage of oxidation, but 
which appears to be a compound of molybdic acid with the deutoxide, and 
consequently a molybdate of oxide of molybdenum =Mo02,4-MoOg. When 
a current of hydrogen is passed over molybdic acid at a dull red heat, it ac- 
quires a blue color, and becomes converted into molybdous acid. This com- 
pound is soluble in water, and yields a rich blue solution, which becomes 
colorless on moderate dilution : it is insoluble in a solution of sal-ammoniac ; 
it is immediately converted into molybdic acid by nitric acid and chlorine ; 
and, on the other hand, deoxidizing agents, such as protochloride of tin, or 
tin filings and hydrochloric acid, convert molybdic add into this blue com- 
pound. 
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MoLYBDic Acid (M0O3). — ^^The; production of this acid has already been 
described. It is a white, dilficultly- soluble powder. Heated to redness in 
an open vessel, it slowly sublimes, and condenses in yellowish scales. It 
dissolves in hot sulphuric acid, forming a solution which is colorless while 
hot, but on cooling acquires a blue color, which is heightened by the addi- 
tion of soda. Its hydrochloric solution is pale yellowish-green, but becomes 
blue when neutralized by potassa. It dissolves in the alkalies, forming solu- 
tions which are colorless, and from which the molybdic acid is at first preci- 
pitated, but afterwards dissolved, by the stronger acids. It unites with bases 
and forms neutral and acid salts. 

MoLYBDATE OF Ammonia (NH40,Mo03).— This salt is obtained by dis- 
solving molybdic acid in excess of ammonia, and leaving it to spontaneous 
crystallization : it forms square prisms, of a pungent metalKc taste. When 
the ammoniacal solution is boiled down, it affords, on cooling, a cryvStalline 
mass of Umolyhdate of ammonia, which, by spontaneous evaporation, may 
be obtained in rhombic crystals of a pale bluish-green color, and difficultly 
soluble in water. A solution of this salt is occasionally employed as a test 
for phosphoric acid. 

Protochloride of Molybdenum (Mo CI). ■—■When the vapor of bichloride 
of molybdenum is passed over molybdenum heated nearly to redness, a deep 
red compound is obtained, which yields a crystalline sublimate when heated 
in an open tube : it is insoluble in water, but is decomposed by a solution of 
potassa, yielding hydrated protoxide of molybdenum. This chloride forms 
double salts with sal-ammoniac and with chloride of potassium. 

Bichloride op Molybdenum (MoCy is formed by heating metallic mo- 
lybdenum in dry chlorine ; the metal burns, and a red vapor fills the retort, 
^Yhich condenses into crystals resembling iodine ; they are fusible, volatile, 
and in the air first fume, and then deliquesce into a black liquid, which 
changes color in proportion to the water it absorbs, becoming blue-green, 
green-yellow, dark red, rose-colored, and lastly, yellow. This chloride forms 
a double ammonio-cliloride of molybdenum with sal-ammoniac, but does not 
combine with the chlorides of potassium or sodium. 

Ghloromolyhdic Acid. — When a current of chlorine is passed over gently- 
heated binoxide of molybdenum, a yellowish crystalKne sublimate is formed, 
and molybdic acid remains in the tube : this compound is less volatile than 
the bichloride. It readily dissolves in water, and alcohol. It is a compound 
of molybdic acid with perchloride of molybdenum =MoCl3,2MoOg. 

There are three Sulphides of Molybdenum, two of which correspond 
with the deutoxide and wdth molybdic acid, and the third contains 4 equiva- 
lents of sulphur; no protosidphide corresponding with the protoxide has 
been formed. — Bisulphide of molybdenum (MoSJ is produced artificially by 
intensely heating a mixture of molybdic acid and sulphur, out of the contact 
of air. It forms the native sulphide. — Tersulphide of Molybdenum (Mo S3) 
is obtained by saturating a strong solution of a molybdic salt with sulphu- 
retted hydrogen, and then adding hydrochloric acid ; a dark-brown precipi- 
tate falls, which becomes black on drying, and which, when heated in close 
vessels, gives off sulphur, and becomes bisulphide. This sulphide combines 
with the sulphides of the alkaline bases, and produces a class of sulphur -salts, 
v^hich may be called molybdo-tersulphides, some of which form beautiful iri- 
descent crystals. — Persulphide of Molybdenum (MoSJ is obtained by satu- 
rating bimolybdate of potassa with sulphuretted hydrogen, and boiling the 
solution for some hours in a retort : when it cools, a black powder, and red 
scales, are deposited, which must be separated as far as possible : the red 
deposit is then washed upon a filter v/ith water, till the washings no longer 
afford a red (not a brown) precipitate wath hydrochloric acid ; the residue 
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upon the filter is then treated by boiling water, and the dark-red solution 
which filters through, is decomposed by excess of hydrochloric acid : a brown 
precipitate falls, which, when washed and dried, is the quadrisulphide. 

Tests for the Salts of Molybdenum.— 1. The joro^o^aZ^^ give brown 
precipitates with the alkalies and. their carbonates, soluble in excess of car- 
bonate of ammonia, but not of the alkali. 2. Sulphuretted hydrogen gives 
a brown precipitate, soluble in hydrosulphate of ammonia. 3. The salts of 
the deutoxide give brown precipitates with ammonia, and with ferrocyanide 
of potassium, 4. The molyb dates Q,ve characterized by the blue color pro- 
duced on the addition of a few drops of protochloride of tin, and by the blue 
color produced by zinc in their solutions, when acidulated with hydrochloric 
acid. This, after a time, becomes green, and ultimately black. When a 
mineral containing molybdenum is fused with carbonate of soda and nitre, 
a soluble molybdate of the alkali is obtained. Molybdic acid is precipitated 
from its solutions by a mineral acid, but the precipitate is soluble in an ex- 
cess of the acid. This forms a distinction. between the molybdic and tungstic 
acids. The oxides of molybdenum give to microcosmic salt in the inner 
flame of the blowpipe, a green color, and to borax a brown-red color. 

Uranium (U=60). 

Uranium (named from the planet Uranus) was discovered in ITSO, in a 
mineral called pitchUende, which is an impure oxide, and from which the 
metal and its compounds are almost exclusively obtained. It also occurs, in 
the form of a double phosphate of lime and uranium, in uranite, a rare mica- 
ceous mineral ; and in a similar mineral .of a green color, called chalcolite, 
in which the lime is replaced by oxide of copper. 

Uranium is obtained by the decomposition of its chloride by sodium, the 
process being similar to that by which magnesium is obtained : it is white, 
slightly malleable, and unchanged by air and water at common tempera- 
tures ; when heated in air it undergoes combustion and is converted into an 
oxide. 

Oxides of Uranium.— Uranium forms four oxides — namely, a protoxide, 
a sesquioxide, and two intermediate oxides. — Protoxide of Uranium (UO) is 
formed by heating the peroxalate out of contact of air: it is brown, and 
when in the state of hydrate, dissolves in the acids, forming green salts. 
When heated to redness, and suddenly cooled, it becomes the Uach oxide 
(U^Og), which is used in porcelain painting for the production of an intense 
black. — Green oxide of Uranium (UgOJ is obtained by evaporating an ethe- 
real solution of nitrate of uranium, and exposing the residue to a red heat. 
— Per or Sesquioxide of Uranium (U^Og). Uranium and its inferior oxides 
pass into peroxide when acted upon by nitric acid, forming a yellow solu- 
tion, from which the alkalies throw down compounds of the peroxide with 
the precipitants. A pure hydrate of the peroxide may, however, be obtained 
by evaporating the alcoholic solution of the pernitrate until it effervesces in 
consequence of the escape of nitrous ether; the yellow residue, washed first 
with cold and then with hot water, leaves the hydrate, assuming, when dried 
at 2120, the form of a yellow powder =U203,B[0, but if dried «^ vacuo 
=U303,2HO. At a high temperature (about 5*700) it becomes anhydrous, 
and afterwards loses oxygen, and leaves a brown mixture of protoxide and 
green oxide : in its anhydrous state it is red. 

The salts of the peroxide of uranium are best formed by the action of 
nitric acid upon the salts of the lower oxides. They are yellow, and mostly 
soluble in water, and are reduced to protosalts by sulphuretted hydrogen, 
and by alcohol and ether under the influence of solar light. Peroxide of 
uranium unites to bases forming uranates ; those of the alkalies are obtained 
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by precipitating the uranic salts with them. The uranates of baryta, lime, 
and magnesia are formed by mixing their salts with those of the uranic oxide, 
and adding ammonia, but a portion of uranate of ammonia in these cases 
goes down with them. They are yellow or orange colored compounds. 

Nitrate of Uranium (UgOgjNOsjGHO). — -This is the common crystallized 
nitrate of uranium obtained by evaporating the nitric solution of any of the 
oxides : it forms yellow prisms, efflorescing in a warm atmosphere into a ter- 
hydrate. When heated it fuses in its water of crystallization, becoming orange- 
colored; and at a red heat leaves green oxide. It is very soluble in water, 
alcohol, and ether. When its alcoholic solution is gently heated, it effervesces 
and evolves nitrous ether, depositing hydrated peroxide. Its ethereal solu- 
tion exposed to the sun's rays deposits green oxide, nitrous ether, and a green 
solution of protoxide being at the same time formed. When crystallized 
nitrate of uranium is carefully heated until it becomes orange-colored, a yellow 
insoluble subnitrate separates: this, at a red heat, passes first into TJ3O4, and 
then into UgOg. This solution sometimes contains lead as an impurity ; this 
will affect the action of tests. The ammonio-nitrate of uranium is of a golden- 
yellow color, soluble in boiling water with loss of ammonia, but not very 
soluble in cold water. It is easily dissolved by diluted nitric acid when 
heated. The solution is rendered pale by an excess of acid. 

Protochloride of Uranium (UCl) is obtained by passing dry chlorine 
over a mixture of oxide of uranium with one-fourth its weight of carbon 
heated to redness in a porcelain tube : red vapors of the chloride are formed, 
which condense into dark-green crystals: they dissolve rapidly in water, 
furnishing a dark-green solution, and when exposed to air evolve fumes of 
hydrochloric acid. 

Sulphates op Uranium. — A sulphate of protoxide of uranium (UOjSOg) 
is formed by adding sulphuric acid to the concentrated aqueous solution of 
the protochloride : it forms green hydrated crystals, which do not become 
anhydrous till so highly heated as to begin to lose acid, and which, in a large 
quantity of water, are resolved into a green acid solution, and a deposit of 
basic sulphate=2(UO),S03,2HO, when dried in vacuo. This salt forms a 
crystallizable double sulphate with sulphate of ammonia, =^1140, 803,+ 
UOjSOg Sulphate of green oxide of uranium is formed by dissolving the 
green oxide in sulphuric acid, and expelling the excess of acid by heat: it is 
a pale-green mass=U304,2S03. When heated to redness it evolves sulphu- 
rous acid, and leaves a pale yellow sulphate of the peroxide: 2(U304,2S03) 
=3(Ug03,S03)-fS02. Sulphate of peroxide of uranium (U^OgjSOg) is ob- 
tained by oxidizing the solution of the green oxide in sulphuric acid by nitric 
acid, or by adding sulphuric acid to a solution of the nitrate, evaporating to 
dryness, so as to expel the excess of acid, dissolving the residue in water, 
and concentrating the solution by evaporation to the consistency of syrup : 
it is slowly and difficultly crystallizable in small yellow prisms =Ua03S03,3HO : 
dried at 212°, they lose 2 atoms of water, and become anhydrous at 600°. 
A phosphate and carhonate of the peroxide of uranium may be obtained by 
double decomposition. There is also an ammonia-phosphate, which is very 
insoluble. 

Tests for the Salts of Uranium. — The salts of the peroxide form yellow 
solutions; an excess of acid renders them pale. 1. Sulphuretted hydrogen 
produces no precipitate. 2. Hydrosulphate of ammonia throws down a 
dark-brown sulphide. 3. Potassa or ammonia throws down an orange- 
yellow uranate, insoluble in an excess of the reagent, and in hydrochlorate 
of ammonia. 4. Alkaline carbonates (soda and potassa) give a pale yellow- 
ish-green precipitate, not soluble in an excess. The precipitate is dissolved 
by alkaline bicarbonates, and by carbonate of ammonia, but is re-deposited 
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on boiling the liquid. 5. Ferrocyanide of potassium gives a deep red-brown 
■precipitate, or color :— ammonia destroys this color, forming a nearly color- 
less liquid. The color of the precipitate closely resembles that which is 
produced in a solution of copper ; but the ferrocyanide of copper, dissolved 
i3y ammonia, produces a blue-liquid. This furnishes a sufficient distinction 
between the two metals. The carbonate of an alkaline earth (baryta) pre- 
cipitates the sesquioxide of uranium from its solutions as it does the sesqui- 
oxide of iron. With borax the oxide gives, under the blowpipe, a bead 
which is green in the inner and yellow in the outer flame. With microcosmic 
salt the color from the outer flame is yellow-green. 

Peroxide of uranium is used to give a yellow or a greenish yellow color 
to glass. The green oxide is employed to produce a black color on porce- 
lain. The protosalts of uranium are green, and are rapidly converted into 
yellow persalts either by exposure to air^ or by the action of nitric acid. 

Tellurium (Te=64). 

Tellurium was discovered in 1182. It derives its name from tellus, the 
earth. Its ores are rare, and generally contain it in combination with other 
metals, especially with gold, silver, lead, copper, and bismuth. 

Tellurium is of an iron-gray color, hard, brittle, fusible at a temperature 
a little above melting lead, and volatile at a full red heat, its vapor condens- 
ing in metallic'looking opaque globules in the cold part of the tube. The 
vapor is yellow, resembling that of selenium. It is partially oxidized and 
converted into a white uncrystalline oxide, which is deposited around the 
condensed globules of the metal. It gives a metallic ring resembling some- 
what that of arsenic; but it is so much less volatile than arsenic, that it re- 
quires for its volatilization, the full heat of Bunsen's jet. Its oxide is not 
deposited in transparent octahedral crystals. When warmed with sulphuric 
acid, it imparts to that liquid a splendid amethyst-red color, which is not 
permanent. If heated on platinum it rapidly melts, combines with, and de- 
stroys that metal, forming a very fusible crystalline alloy. When heated on 
mica, it melts and burns with a bluish flame, having a greenish margin, and 
it evolves a thick white acid smoke. The color of the flame resembles that 
of selenium, but has a greenish tint. It traverses a solution of indigo, giving 
a pale blue light. Although closely resembling selenium, yet it differs in 
readily forming a fusible alloy with platinum, and in evolving no reddish- 
colored fumes when heated in air. Its sp. gr. is 6*2 to 6*8. It is crystalliz- 
able, and, for a metal, it appears to be a bad conductor of heat and electricity : 
indeed, it may be said, in s'ome respects, to form a connecting link between 
sulphur or selenium and the metals. By some chemists it is placed among 
the metalloids, between selenium and phosphorus. 

BiNOXiDE OF Tellurium ; Tellurous Acid (TeO^). — Exposed to heat and 
air, tellurium fuses and burns, exhaling a peculiar sour odor, and forming a 
white oxide. This oxide is thrown down as a white hydrate when a recently 
made solution of tellurium in nitric acid is poured into water. In its anhy- 
drous state it is difficultly soluble, but when hydrated, it readily dissolves in 
most of the acids, forming colorless solutions of a nauseous metallic taste : 
they afford metallic tellurium in a black powder when acted on by phosphor- 
ous acid, or sulphurous acid, as well as by zinc, iron, tin, lead, copper, and 
some other metals. Most of the solutions of this oxide in the mineral acids 
are decomposed by copious dilution with water, provided there is no great 
excess of acid ; with the alkalies and their carbonates they give precipitates 
of hydrated oxide soluble in excess of the precipitant, especially when aided 
by heat: they are precipitated white by phosphate of soda; dark-brown by 
sulphuretted hydrogen and alkaline hydrosulphates ; and yellow by tincture 
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of galls ; they are not affected by ferrocyanide of potassium, nor by oxalic 
acid. The basic combinations of tellurous acid, or tellurites ^ are obtained i 
1. by dissolving the hydrated acid in the alkalies ; 2. by double decomposi- 
tion ; or 3 by fusion. The alkaline tellurites are soluble in water : those of 
baryta, lime, and strontia with difficulty ; most of the other compounds are 
insoluble in water ; but they are nearly all soluble in hydrochloric acid. 

Peroxide of Tellurium ; Telluric Acid (TeOg) may be obtained by pass- 
ing chlorine through the solution of tellurous acid in excess of potassa till 
it is fully saturated, and the first precipitate is redissolved. The filtered 
liquor is then neutralized by ammonia, and chloride of barium added, which 
occasions a precipitate of tellurate of baryta ; this, digested with a fourth of 
its weight of sulphuric acid (diluted with water), yields a solution, which, 
when filtered and carefully evaporated, affords crystallized hydrated telluric 
acid = Te03,3HO, from which adhering sulphuric acid may be removed by 
alcohol. This hydrate loses its water by heat, and the anhydrous acid^ of a 
lemon-yellow color, remains. This acid is readily procured as a tellurate by 
fusing tellurium with nitre, and when this is calcined with charcoal and car- 
bonate of potassa, telluride of potassium is obtained. Anhydrous telluric 
acid Is insoluble in water; but the crystallized acid dissolves in boiling water. 
When boiled with hydrochloric acid it forms tellurous acid, and like selenic 
acid, sets free chlorine (p. 216). Dried at 820^, the crystals lose 2 atoms of 
water, and become anhydrous at a temperature a little below redness. The 
tellurates of the alkalies are moderately soluble in water ; those of the alkaline 
earths are sparingly soluble ; and many of the other tellurates are insoluble. 
When tellurium is heated in chlorine it burns, forming a dark liquid, which 
by an excess of chlorine becomes yellow, and concretes on cooling into a 
white deliquescent crystalline hicMoridej =TeCl3. If this is heated with 
pulverized tellurium, a dark purple protochloride is formed, =TeCl, more 
volatile than the bichloride, and giving a vapor resembling that of iodine. 

Telluretted Hydrogen (TeH). — When an alloy of tellurium and tin, or 
zinc is acted on by hydrochloric acid, telluretted hydrogen gas is evolved ; it 
reddens litmus, dissolves in water, and possesses the general properties of 
sulphuretted hydrogen, which it also resembles in odor. Its sp. gr. is 4-48. 

There appear to be two sulphides, which act as sulphur acids ; they are 
obtained by the decomposition of tellurous and telluric acids by sulphuretted 
hydrogen. 

Tests for the Compounds of Tellurium. — The solutions of tellurium in 
mineral acids are decomposed by the immersion of zinc, tin, lead, copper, or 
cadmium, and the metal is precipitated in the form of a black powder. Tel- 
lurous acid and its salts are decomposed when an excess of hydrochloric 
acid is present, by boiling them with sulphurous acid, or alkaline sulphites, 
by protosulphate of iron, and protochloride of tin, which occasion a brown 
or black flocculent precipitate of tellurium. Sulphuretted hydrogen throws 
down a black bisulphide of tellurium, which is soluble in hydrosulphate of 
ammonia. The telluride of potassium procured by the method above des- 
cribed blackens silver and evolves telluretted hydrogen when treated with acids. 

Titanium (Ti=24). 

Titanium was first detected in a mineral, found in the form of a black sand, 
in the vale of Menachan, in Cornwall, consisting of the oxides of titanium 
and iron. In the state of titanic acid it exits in the minerals called Kutilite, 
Anatase, and Oysanite. Titanite is a silicate of titanium and lime : it occurs 
in quartz and granite, and it sometimes traverses rock-crystal in brown hair- 
like filaments. Titanium, as titanic acid, is frequently found in clays and 
sands, associated with silica aud oxide of iron. It is also found in the slags 
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of some iron furnaces ; tliey contain small copper-colored cubic crystals, of 
a sp. gr. of 5*3 ; insoluble in the acids, but oxidized by fusion with nitre. 
They appear to be a combination of nitride with cyanide of titanium, and 
contain about 18 per cent, of nitrogen and 4 of carbon. Another 
nitride is obtained in the form of copper-colored scales by passing ammonia 
over the ammonio-chloride of titanium heated to redness. These nitrides 
were formerly regarded as pure titanium. To obtain titanium, the potassio- 
fluoride is decomposed by potassium, when the metal remains in the form of 
gray particles, which burn brilliantly if heated in oxygen. 

Protoxide of Titanium (TiO).— When titanic acid is subjected to a* 
white heat in a charcoal crucible, it is superficially reduced ; but the interior is 
in the state of a black powder, which is the protoxide. When a plate of zinc 
is immersed in a solution of chloride of titanium, a purple powder is 
obtained, which is a hydrated sesquioxide (TL^OgjHO). 

Peroxide oe Titanium ; Titanic Acid (TiO^) may be obtained from ruti- 
lite, by fusing it, in fine powder, in a platinum crucible, with thrice its weight 
of carbonate of potassa : a gray mass is obtained, which, after having been 
washed with water, is dissolved in hydrochloric acid, and on diluting with 
water, and boiling the solution, the greater part of the titanic acid is preci- 
pitated ; it may be collected and washed with very dilute hydrochloric acid. 
The acid is more perfectly precipitated by adding sulphite of soda and 
boiling the liquid. Titanic acid is white, infusible, and very difficult of 
reduction : its sp. gr. is 3*93. When calcined it becomes yellow, and is then 
dissolved only by concentrated hydrofluoric or sulphuric acid. When recently 
precipitated, it dissolves in some of the acids, but becomes nearly insoluble 
after it has been ignited ; and like oxide of tin, it is susceptible of two iso- 
meric modifications. When its solution in hydrochloric acid is heated to the 
boiling-point, a part of the titanic acid is thrown down ; but by slow evapo- 
ration a soluble chloride remains. It is precipitated by the pure and carbo- 
nated alkalies, including ammonia and its carbonate, in a gelatinous form : 
infusion of galls and ferrocyanide of potassium throw it down of a charac- 
teristic red-brown color, and the precipitate is soluble in an excess of the 
solution of the ferrocyanide. Sulphuretted hydrogen produces no precipi- 
tate in the hydrochloric solution. Titanic acid which has been rendered 
yellow by ignition is sometimes used in enamel and porcelain painting, to 
give a yellow color. Titanic acid is thrown down from its solution in hydro- 
chloric acid, by alkalies and the alkaline carbonates, and the precipitates are 
insoluble in an excess of the reagents. The precipitates are, however, dis- 
solved by strong acids. 

Bichloride oe Titanium (TiCl^) is obtained by passing dry chlorine over 
metallic titanium, or over a mixture of titanic acid and charcoal heated to 
redness. It is a dense, transparent, and colorless fluid, fuming when exposed 
to air. It boils at 2^1° ; the density of its vapor is 6*836. With a small 
quantity of water it forms a crystalline hydrate, which, by the further addi- 
tion of water, deposits titanic acid. 

Bifluoride of Titanium (TiF^). — Titanic acid readily dissolves in hydro- 
chloric acid. When this solution is saturated with potassa and evaporated, 
a titanqfluoride of potassium is the result. 

Bisulphide of Titanium (TiS^) is obtained by passing the vapor of sul- 
phide of carbon over ignited titanic acid. It has a dark-green or bronze 
color, and a metallic lustre. 

None of the other metals appear so to combine with titanium as to form 
definite alloys ; but when it is blended with some of them by fusion, it is 
susceptible of oxidation, and is then soluble in acids which do not otherwise 
act upon it. 
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Tests for the Salts of Titanium,— -Titanium is not thrown down in the 
metallic state by any other metal. The orange-red precipitate, which its 
solutions afford with infusion of galls and with ferrocyanide of potassium, 
is very characteristic. When titanic acid is fused on charcoal with carbonate 
of soda and cyanide of potassium, it does not, like tin, yield any metallic 
globule. In ordinary analyses of silicates, titanic acid is liable to be preci- 
pitated with, and estimated as, oxide of iron, or to be weighed as silica. 
The best method of separation is probably the following : Fuse the mineral 
containing titanic acid with four times its weight of carbonate of soda, and 
remove all that can be dissolved by cold water. The residue will be a 
titauate of the alkali and oxide of iron. Digest this in concentrated hydro- 
chloric acid, by which the iron and titanic acid are dissolved ; then boil the 
solution, diluted with water, with sulphite of soda — titanic acid alone is pre- 
cipitated. This may be redissolved in hydrochloric acid, and a bar of zinc 
introduced into the liquid. If titanic acid is present, it is reduced to the 
state of sesquioxide, which is dissolved, and gives a blue color to the liquid. 
By a continuance of the action it is still further reduced, and the oxide of 
titanium is precipitated as a violet^colored powder. 



CHAPTER XXXV. 

Antimony (Sb==129). 

Antimony, or stihium, was first made known towards the end of the fif» 
teenth century. It is found native, but its principal ore is the sulphide, the 
stibium of the ancients. Antimony is obtained from the sulphide by mixing 
8 parts of it in fine powder, with 6 of tartar, and 3 of nitre, and pro- 
jecting it by spoonfuls into a red-hot crucible. The sulphur is oxidized by 
the nitre, and the metal collects at the bottom. If the metal is required 
perfectly pure, the pure oxide must be reduced by charcoal. 

Antimony is of a bluish-white color, brittle, and crystalline, so that when 
broken it exhibits splendid facets, and the surface of the ingot as it has 
cooled in the crucible is often stellated. It fuses at about 840°, or at a dull 
red heat : it is slowly volatile at a white-heat and in the absence of air, but 
in a stream of hydrogen it may be distilled. Its sp. gr, is 6't. Placed upon 
ignited charcoal, under a current of oxygen, antimony burns with great bril- 
liancy, throwing off a dense yellow smoke ; and if a globule of the intensely- 
heated metal be thrown upon the floor, or upon a black board, it subdivides 
into numerous smaller globules, which burn as they roll along, and leave a 
series of white or yellowish lines of oxide. The metal is not dissolved by 
hydrochloric acid, but readily by nitrohydrochloric acid. It is oxidized 
when heated with nitric acid, leaving a white residue, insoluble in nitric but 
soluble in tartaric acid. 

Antimony and Oxygen. — There are two well-defined compounds of anti- 
mony with oxygen, a teroxide, SbOg, and antimonic acid, SbOg. A third 
oxide is sometimes described under the name of antimonious acid, SbO^, but 
it should rather be regarded as an antimoniate of oxide of antimony (SbOg, 
SbO,). 

Teroxide of Antimony (SbOg) is formed by heating the metal in air to 
its point of combustion, when the vapor burns with a bluish flame ; and by 
placing the crucible in an inclined position, acicular crystals of the oxide 
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are deposited in its upper part, forming the Jiores antimonii and nix stihii of 
the older chemists. It may also be formed by adding 50 parts of finely-pow- 
dered metallic antimony to 200 of sulphuric acid, boiling the mixture to 
dryness, and washing the dry mass, first in water and then in a weak solution 
of carbonate of soda : a wiiite powder remains, which, when thoroughly 
washed with hot water, is the teroxide. Teroxide, or, as it is sometimes 
called, protoxide of antimony is white, fusible, and volatile at a high red 
heat, undergoing no change in close vessels, but condensing in acicular and 
octahedral crystals ; after fusion it concretes into a silky crystalline mass : if 
air be present, it burns like tinder, and passes into a higher state of oxida- 
tion. It is soluble in hydrochloric and tartaric acids, and it forms emetic 
tartar when boiled in a solution of bitartrate of potassa. It occurs native^ 
forming the white ore of antimony. 

Teroxide of antimony forms compounds with many bases, and in various 
atomic proportions : most of them are decomposed by water, which becomes 
milky from the deposition of a subsalt. These compounds have been termed 
antimonites. The teroxide is precipitated from its solution in hydrochloric 
acid by potassa as a white hydrate, which is dissolved by an excess of the 
alkali. If to this alkaline liquid, nitrate of silver is added, a black antimo- 
nide of silver (Ag3,Sb), quite insoluble in ammonia, is thrown down. When 
chloride of gold is added, there is a dark purple precipitate of reduced gold. 
The teroxide, when heated in a reduction tube, melts into a yellow liquid, 
and is only partially volatilized in octahedra by the heat of a spirit-lamp. 
The analogous compound of arsenic is entirely volatilized in brilliant octa- 
hedral crystals without melting. 

Antimonious Acid, or Antimonite of Antimony (SbOgSbOg, or 2SbOj, 
is the result of the above-mentioned combustion of the protoxide : it is also 
obtained by exposing antimonic acid to a red heat. It is white in its ordi- 
nary state ; and it is fixed and infusible in the fire. It is thus distinguished 
from the teroxide. It also differs from this oxide in being less soluble in 
hydrochloric acid. Antimonious acid differs from antimonic acid by its re- 
maining white when heated in a close vessel or tube, and by its not evolving 
oxygen under these circumstances. 

Antimonic Acid ; Peroxide of Antimony (SbO^) is procured by acting for 
a considerable time upon the finely powdered metal by an excess of hot nitric 
acid, and exposing the product to a heat not exceeding SOC^. It is of a pale 
yellow color, tasteless, and insoluble in water. It neither fuses nor volatilizes 
at a bright red heat, but loses oxygen, and becomes antimonious acid. It 
does not decompose the alkaline carbonates in the humid way, but at a red 
heat it expels their carbonic acid, and combines with the base. It dissolves, 
but not readily, in a boiling solution of caustic potassa, from which it is 
thrown down by an acid in the form of a white hydrate, Sb05,4HO. In this 
state it reddens litmus and dissolves in hydrochloric acid, and in the alkalies. 
In the anhydrous state it is only partially dissolved by hydrochloric acid. 
An acid solution of this oxide is precipitated by a current of sulphuretted 
hydrogen, as an orange-yellow pentasulphide of antimony. ISTo precipitate 
is produced by this gas in an alkaline solution of hydrated antimonic acid ; 
and if free from teroxide it does not reduce the salts of silver and gold. 

Antimoiiiates.-^^AxiiimomQ acid in combination with bases forms neutral 
and acid salts. Antimoniate of potassa is formed by heating 1 part of 
powdered metallic antimony with 4 of nitre, in an earthen crucible, and 
washing the pulverized product with water. Its formula is 2(KO),Sb05. 
When this salt is boiled for some hours in water, it is partly converted into 
a soluble hydrated antimoniate, and an insoluble hiantimoniate =KO,2SbOg. 
A soluble hiantimoniate, supposed to contain a modified acid (metantim-onic 
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acid)^ is obtained by deflagrating antimony with nitre, washing, and boiling 
the product so as to convert it into the state of soluble antimoniate, and 
evaporating this solution in a silver basin to the consistence of syrup : caustic 
potassa is then added, and the evaporation is continued till a drop of the 
solution, placed upon a cold piece of glass, crystallizes ; it is then set aside 
to cool, and the crystallized salt dried upon a porous tile. This himetanti" 
moniate of potassa has the formula KO,HO,Sb05=6Aq. It has been used 
as a test for soda, with which it furnishes an insoluble precipitate ; but its 
indications are very uncertain, and the test itself, when kept for a few days 
in solution, passes into the neutral antimoniate, which does not precipitate 
soda. The insoluble himetantimoniate of soda is represented as NaO,HO, 
SbO^jGAq. Considerable uncertainty hangs over the nature of "these modi- 
fications of the antimonic acid and the antimoniates, the difference in their 
properties probably depending upon peculiarities of molecular constitution, 
which confer distinct characters upon compounds similarly constituted. 

Antimony and Hydrogen.'— Antimomiretted hydrogen gas (SbHg) is 
formed by the action of dilute sulphuric or hydrochloric acid on an alloy of 
zinc and antimony ; or by adding an acid solution of oxide of antimony to 
zinc. The gas is colorless, nearly inodorous (if free from arsenic), and is 
decomposed when passed through a tube heated to dull redness, depositing 
a brilliant coat of metallic antimony. It burns in the air with a pale green- 
ish-white flame, producing a white smoke consisting of oxide of antimony, 
and if the flame be in contact with glass or porcelain, metallic spots are 
formed somewhat resembling those produced by a similar combustion of 
arseniuretted hydrogen. It instantly decomposes the salts of silver, precipi- 
tating a black antimonide of silver (SbH3 + 3AgO='Ag3Sb + 3HO), but it 
produces no change of color in paper impregnated with a solution of a salt 
of lead. In contact with water the gas rapidly undergoes decomposition, 
and deposits metallic antimony in the form of a black powder. (See Arse- 

NURETTED HyDROGEN, p. 439.) 

Antimony and Chlorine ; Terchloride of Antimony (SbClg).— Anti- 
mony takes fire when thrown in fine powder into gaseous chlorine, and a 
mixed chloride is formed. The terchloride is usually obtained by the dis- 
tillation of 3 parts of powdered metallic antimony with 8 of corrosive subli- 
mate (Sb + 3HgCl=>SbCl3,-f 3Hg), or by dissolving oxide of antimony in 
hydrochloric acid, and evaporating to dryness out of the contact of air. It 
is a soft solid at common temperatures, but becomes liquid by a gentle heat, 
and crystallizes as it cools. It is the hutter of antimony of old writers. It 
deliquesces by exposure to air. When water is added to it a mutual decom- 
position ensues, and hydrated oxychloride of antimony and hydrochloric acid 
result (6SbCl3H-15HO = 15HCH-SbCl3,5Sb03). This white basic com- 
pound resembles that of bismuth in its mode of production and insolubility. 
It is distinguished from the bismuthic precipitate by its being entirely dis- 
solved by tartaric acid. 

Perchloride of Antimony; Pentachloride of Antimony (SbCIg), is 
formed by passing dry chlorine over heated antimony, or by exposing the 
terchloride to a stream of dry chlorine. It is a volatile transparent liquid, 
which emits fumes when exposed to air. When heated it becomes terchloride 
by the evolution of chlorine. By exposure to air it becomes a crystalline 
hydrated perchloride^ which is deliquescent and soluble without decomposi- 
tion in hydrochloric acid..^ — Oxychloride, When chloride of antimony is mixed 
with a large quantity of water, a precipitate falls, (5(Sb03)SbCl3) which was 
formerly used as an emetic, under the name of AlgarottPs powder, or Mercu- 
rius vitce. The same compound is formed on diluting a solution of antimony 
in nitro-hydrochlorie acid. When first thrown down it is white and curdy, 
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but afterwards assumes a yellowish-gray color and becomes pulverulent or 
crystalline. By continued washing with hot water, and by the action of 
alkaline carbonates, it leaves the oxide of the metal. Antimony combines 
with bromine and iodine, forming compounds analogous to the chlorides. 

Tersulphide op Antimony (Sb S3). —This compound may be formed by 
fusing the metal with sulphur. Its color is dark-gray and metallic; its 
specific gravity 4-66 : it closely resembles the native sulphide. When exposed 
under a muffle to a dull red heat, it gradually loses sulphur, and absorbs 
oxygen, being converted into a gray powder, which consists of a mixture of 
oxide and sulphide. If the heat be increased, this fuses into a transparent 
substance formerly called Glass of antimony, Comp(?unds of the oxide with 
larger quantities of the sulphide, have been termed Saffron of antimony or 
Crocus metallorum, and Liver of antimony, 

Hydrated tersidphide of antimony is thrown down in the form of a reddish- 
brown or orange-colored precipitate, when sulphuretted hydrogen is passed 
through antimonial solutions, and when carefully dried it retains its color, 
but if it be heated it darkens, and becoming anhydrous, assumes a metallic 
appearance. It dissolves in solutions of the sulphides of the alkaline metals, 
which take it up largely when heated, and deposit a portion of it on cooling ; 
it is thrown down from these solutions by acids. Hydrochloric acid dis- 
solves it with evolution of sulphuretted hydrogen, prodj^cing a colorless ter- 
chloride. 

A hot solution of sulphide of antimony in caustic or carbonate of potassa, 
deposits a brown powder on cooling, formerly called Kermes mmeral; it is 
sulphide mixed with oxide of antimony, retaining a little of the alkali. If 
hydrochloric acid be added to the filtrate, after the deposition of the Kermes, 
sulphuretted hydrogen escapes, and the remaining sulphide of antimony is 
thrown down, with some excess of sulphur, and a variable proportion of 
oxide of antimony. This compound is the golden sulphide of antimony of 
pharmacy, but, like Kermes, it is of uncertain composition. The red ore of 
antimony is a native oxysulphide,=2SbSg+Sb03. 

Native sulphide is by far the commonest ore of antimony. It occurs in 
prismatic and acicular crystals. It was known to the ancients, and used by 
the Asiatic and Greek ladies as a pigment for the eyelashes : it was called 
stvmmi {ati^^i) and stibium (cjf tjSt). It is known in commerce as crude anti- 
mony, and is usually met with in conical masses or loaves, presenting a dark- 
gray crystalline fracture ; its powder is nearly black, and its melting-point 
somewhat above that of the pure metal : it is seldom pure, frequently con- 
taining the sulphides of lead, iron, copper, and arsenic, the arsenical impurity 
forming sometimes 1*33 per cent. 

Pentasulphide op Antimony ; Sulphantimonic Acid (SbS5) is formed 
bypassing sulphuretted hydrogen . through pentachloride of antimony dis- 
solved in aqueous tartartic acid. It is an orange-colored powder, which^ 
when heated out of contact .of air, loses 2 atoms of sulphur; it dissolves in 
warm aqueous ammonia, and in potassa and soda, and combines with the 
basic sulphides, forming compounds which have been called sidphantimo- 
niates. One of the most remarkable of these is the tribasic sulphantimoniate 
of sodium (3ISraS,SbS5+18Aq) : it is obtained by mixing 18 parts of finely- 
powdered tersulphide of antimony, 12 of dry carbonate of soda, 13 of quick- 
lime, and 3 '5 of sulphur, triturating this mixture with a little water, and then 
putting it into a well-closed bottle filled with water, and allowing it to digest, 
with frequent agitation, for twenty-four hours; the clear liquor is then filtered 
and evaporated in vacuo over sulphuric acid ; it crystallizes in transparent 
tetrahedra. 

Alloys or ANTiM0NY,-»="'With potassium and sodium antimony forms white 
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brittle compounds. The alloy of potassium and antimony may be procured 
by heating to redness in a covered crucible a mixture of equal parts of finely- 
powdered antimony and tartar for about three hours. By substituting tar- 
trate of soda for common tartar, the alloy of sodium and antimony may be 
obtained : and a mixture of soda-tartrate of potassa and powdered antimony 
yields the triple alloy of antimony, potassium, and sodium. When these 
alloys are reduced to powder, and exposed to air, they heat, and take fire 
like pyrophori (p. 40), and if blended with excess of carbon they burst into 
sudden ignition on exposure, especially on the addition of a few drops of 
water. Antimony and iron combine by fusion, and form a white alloy : 2 
parts of sulphide of aiftimony fused with 1 of iron, yield a slag of sulphide 
of iron, and an alloy formerly called Martial regulus. This alloy may be 
recognized by its magnetic properties. Zinc and antimony form a hard 
brittle alloy. Antimony and tin may be fused together in various propor- 
tions : an alloy of 1 atom of each is brittle and pulverizable : 1 part of anti- 
mony and 10 parts of tin form a ductile compound, which a little lead 
renders brittle. A fine pewter is said to consist of 12 parts of tin and 1 of 
antimony, with a small addition of copper. An alloy of 1 of antimony and 
3 of copper is lamellar and brittle, but takes a good polish. ¥/hen there is 
excess of antimony the alloy is white. Type 7netal is a compound of 4 parts 
of lead and 1 of antijpony ; its hardness is such as to resist the pressure to 
which in the printing-press the type is necessarily subjected : it is readily 
fusible, and takes a very sharp impression from the matrix or mould in which 
the letter or stereotype plate is cast. A good white metal, used for spoons 
and tea-pots, called Britannia metal, is composed of 100 tin, 8 antimony, 
2 bismuth, and 2 copper. Antimony readily combines and forms a fusible 
alloy with platinum. 

Tests for the Compounds op Antimony.— 1. The compounds of anti- 
mony, when dissolved in water, or in an acid, are decomposed by the immer» 
sion of a plate of zinc ; the metal is thrown down in the form of a black 
powder, and when hydrogen is evolved a portion of antimony escapes with 
this gas. 2. Sulphuretted hydrogen produces a distinctive brownish-red or 
dark orange precipitate in salts of antimony with excess of acid, but if they 
are neutral, their color is only changed, and the precipitate does not ensue 
until an acid (tartaric) is added. 3. The alkaline hydrosidphates produce a 
similar precipitate, which is soluble in an excess of the precipitant, especially 
when aided by heat. The precipitate is insoluble in ammonia, but is dissolved 
by potassa. 4. Many of the combinations of antimony are decomposed when 
largely diluted with ivater, and a basic salt is thrown down : this decompo- 
sition is prevented by the presence of an excess of tartaric acid. (Distinction 
from Bismuth, see p. 40t.) 5. Ammonia and the carbonate of ammonia 
throw down teroxide of antimony completely from its solutions as a white 
precipitate, insoluble in an excess of either precipitant. 6. Potassa throws 
down a white hydrated oxide, soluble in an excess of the alkaline liquid. 
Nitrate of silver added to this alkaline solution of the oxide, produces a 
black precipitate, insoluble in ammonia 5 and chloride of gold produces in it 
a purple-black precipitate. T. Ferrocyanide of potassium gives a white pre- 
cipitate, having frequently a bluish tint from the presence of iron. 

These results are not obtained in a solution of tartar emetic, or the double 
tartrate of antimony and potassa. 1. Sulphuric, nitric, and hydrochloric 
acids produce white precipitates (basic salts) in a solution of the double 
tartrate. These precipitates are readily dissolved by an excess of tartaric or 
hydrochloric acid. 2. The alkalies and alkaline carbonates do not precipitate 
the solution except at a boiling temperature. 3. It is not precipitated by 
ferrocyanide of potassium. 5. It is not readily precipitated by sulphuretted 
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hydrogen until an acid is added, and for this purpose the tartaric acid is pre- 
ferable : an orange-red precipitate, characteristic of oxide of antimony, is 
thrown down. This precipitate is distinguished from many other sulphides 
by its solubility in sulphide of ammonium, and in solution of potassa-— as 
well as by its insolubility in ammonia. If collected and dried, it may be dis- ■ 
solved by heat in a small quantity of strong hydrochloric acid ; and when all 
the sulphuretted hydrogen has escaped, it will be found that, on adding this 
solution to water, a white oxychloride of antimony is precipitated, possessing 
the characters elsewhere described (p. 428). A portion of the sulphide, dis- 
solved in hydrochloric acid may be introduced with zinc and sulphuric acid 
into a Marsh's apparatus. The gas which escapes at the jet produces a deep 
black deposit on paper impregnated with a solution of nitrate of silver ; but 
unless sulphur is present it produces no change on paper impregnated with a 
salt of lead. When ignited the gas burns with a pale yellowish-white flame, 
producing white fumes of teroxide of antimony (p. 428). Porcelain, or 
glass, depressed on the flame receives a black deposit of finely-reduced me- 
tallic antimony, with grayish-colored layers of oxide at the circumference. 
There is no metallic lustre, such as is produced by arsenic under similar cir- 
cumstances ; but on examining the reverse side of the glass, a metallic lustre 
will be perceptible. If a current of the gas is heated to redness in a tube^ 
a ring of metallic antimony will be deposited close to the heated spot. This 
is much more fixed than the deposit of arsenic, and cannot, like it, be resolved 
into a white sublimate of transparent octahedral crystals. If the gas is made 
to pass through a small quantity of fuming nitric acid containing nitrous acid, 
it is decomposed, the antimony is peroxidized, and may be obtained as a 
white, insoluble residue, on evaporation. A solution of nitrate of silver pro- 
duces no change in this deposit ; but if one or two drops of ammonia are 
added, there is a black deposit of antimonide of silver (AggSb). Compounds 
of antimony heated with carbonate of soda or cyanide of potassium in the 
reducing flame of the blowpipe, yield globules of metal, surrounded by & 
white incrustation on the charcoal. 

Analysis in Cases oe Poisoning. — The suspected liquid, if clear, may 
be acidulated mih tartaric acid, and a current of sulphuretted hydrogen 
passed into it. The precipitated sulphide may be easily identified by the 
characters above described. The contents of the stomach, or the coats of 
the organ, may be boiled in hydrochloric or tartaric acid, and the filtered 
liquid subsequently decomposed by the gas. 

The following method of detecting antimony, when dissolved in any 
organic liquid, is based upon the principle by which copper and other metals 
may be detected under similar circumstances (page 395). Acidulate a 
portion of the suspected liquid with hydrochloric acid, and place it in a shallow 
platinum capsule. Touch the platinum, through the acid liquid, with a 
piece of pure zinc foil. Wherever the metals come in contact, metallic 
antimony in the state of a black powder, is deposited upon the surface of 
the platinum. The liquid should be poured off, and the capsule thoroughly 
washed with distilled water. This may be effected without disturbing the 
deposit. A small quantity of hydrosulphate of ammonia poured on the 
black deposit speedily dissolves it (if antimony) by the aid of heat, and on 
evaporation, an orange-red sulphide of antimony remains. This may be 
dissolved by a few drops of strong hydrochloric acid, and on adding the 
acid liquid to water, hydrated oxychloride of antimony is precipitated. Bj 
this process antimony in small quantity may be detected in any liquid con- 
taining organic matter. Some portion of the metal escapes with the 
hydrogen. The quantity of antimony may, however, be so small, or the 
metal may be so diffused through the animal substance (in the tissues), that 
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tMs process will yield no evidence of the presence of antimony. The parts 
should then be finely cut up, and boiled in a mixture of one part of hydro- 
chloric acid, and five parts of water. After some time, the liquid may be 
tested by introducing into it a slip of polished copper foil free from antimony. 
If antimony is present in small quantity, the copper will acquire a violet- 
colored deposit on its surface : if in large quantity, the deposit will be gray 
with a metallic lustre, or sometimes in the state of a black powder. Having 
obtained a deposit on several slips of copper foil, these may be washed, 
dried, and heated in a strong solution of potassa (free from lead), with 
occasional exposure to air, until the metallic deposit is removed. The 
antimony is thereby oxidized and dissolved by the potassa. A current of 
sulphuretted hydrogen gas may then be passed into the alkaline liquid. 
This will throw down any lead that may be accidentally present. Filter the 
alkaline liquid and acidulate with hydrochloric acid : the orange sulphide of 
antimony is deposited, and may be collected and examined by the methods 
above described. 

Zinc separates metallic antimony, in the form of a black powder, from the 
acid solutions of its oxides. This is one of the difficulties attendant on 
the use of Marsh's process for the detection of antimony. The greater 
part of the metal is deposited in the tube as a black flaky precipitate, and 
in the course of a short time, barely a trace of antimony will be found 
issuing with the hydrogen from the jet. 

The following method admits of the separation of antimony from organic 
substances when the metal is in mere traces. Coil a portion of pure zinc 
foil round a portion of clean, platinum foil, and introduce the two metals 
into the hydrochloric-acid decoction of the tissues, sufficiently diluted to 
prevent too violent an action on the zinc. Warm the organic liquid, and 
suspend the coils in it. Sooner or later, according to the quantity of 
antimony present, the platinum will be coated with an adhering black 
powder of metallic antimony. Wash the platinum foil, and digest in strong 
nitric acid. So soon as the antimony is dissolved from its surface, the 
platinum may be removed. Add a few drops of hydrochloric acid, and 
evaporate the acid liquid to dryness. The residue, redissolved in hydro- 
chloric acid, and the solution diluted and treated with a current of sulphuretted 
hydrogen, will yield an orange-red sulphide of antimony. The black deposit 
is readily dissolved by sulphide of ammonium, yielding an orange-red 
sulphide of antimony, and it is also soluble in nitrohydrochloric acid, but not 
in hydrochloric acid alone. When kept for a few days in contact with water 
and air, the black metallic deposit is converted into white oxide of antimony. 



CHAPTER XXXVIo 

Arsenic (As =15). 

The distinct metallic characters of arsenic were first noticed in HIS, but 
some of its combinations (the sulphides) were known before the Christian era. 
Its name is derived from the Greek apasvtxbv (orpiment). Its chemical rela- 
tions are such as to place it rather among the simple acidifiable substances than 
among the metals : it, however, has the lustre and opacity of a metal, and 
conducts electricityo It occurs native^ and in form of native oxide ; and there 
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are many native arsenates : it also occurs as a sulphide, and is frequently 
found in combination with other sulphides, especially with sulphide of iron, 
constituting arsenical pyrites =:^'Fq^^,'FqA^, It is owing to its presence in 
pyrites that arsenic is found in coal and lignite. It has been detected in the 
coal of ISIorthumberland and Nottingham. The coal of Sarrebriick was 
found to contain 0*003 per cent, of arsenic, and in a variety of French coal 
from Yille, as much as 0*0415 per cent, of arsenic was detected (Percy's 
Metallurgy, p. 106). During the roasting of the arseniferous sulphides of 
copper, iron, cobalt, and nickel, large quantities of oxide of arsenic are 
formed, and from such sources, commercial demands are supplied. Traces 
of arsenic are found in many minerals, and consequently in some of their 
products, as in sulphur and sulphuric acid, in zinc, in sulphide of antimony, 
and occasionally in phosphorus. It was at one time supposed that arsenic 
entered into the composition of the flesh and bones of animals as a normal 
constituent, but it has been clearly proved that it is never found in the 
tissues, either of animals or vegetables, except when it has been introduced 
Into them by accident or design. It is thus remarkably contrasted with 
phosphorus, which is an essential constituent of organic matter. On the 
other hand, the chemical analogies between these elements are in some 
respects striking. In vapor, they have a similar odor : they form solid 
acids with oxygen, similar in composition (AsOg, POg and As05,.P05), and 
similar gaseous compounds with hydrogen (AsHg, PHg). Their volume 
equivalents are the same, the atomic weight of each element being represented 
by half a volume of vapor. 

Arsenic may be obtained from the purified white arsenic of commerce, by 
mixing it with its weight of Uack flux, and introducing the mixture into a 
flask or small retort, gradually raised to a red heat; a brilliant metallic 
sublimate of arsenic collects in the upper part of the flask or retort. The 
volatility of white arsenic prevents its easy reduction by charcoal alone ; 
but the potassa in the flux enables it to acquire a temperature sufficient for 
its reduction. Dried ferrocyanide of potassium is an excellent reducing 
agent in all cases where it is desired to obtain the metal from arsenious 
acid. Arsenic may also be obtained by heating the ore called native arsenic 
in coarse powder in a retort; the metal sublimes, leaving the impurities 
behind. 

Arsenic is of a steel-gray color, crystalline texture, and very brittle. Its 
sp. gr. is 5-T5. It volatilizes when heated, and in close vessels may be sub- 
limed at a temperature lower than its fusing point ; this is generally stated 
to be about 400^, but according to Fischer it does not rise in vapor below 
a dull red heat. The density of arsenic-vapor is about 10*39. Metallic 
arsenic tarnishes on exposure to air, falling to a grayish-black powder (sub- 
oxide ?). It gives off no vapor. It does not decompose water, and is not 
dissolved by that liquid, although it is slowly oxidized by air and water. It 
has no taste and no odor at ordinary temperatures ; but in the state of 
metallic vapor, as it is liberated by heating its oxide with carbon, it has an 
odor resembling that of garlic. When boiled in water with a strong solu- 
tion of potassa, arsenite of potassa is formed and hydrogen is liberated. It 
is not soluble in strong hydrochloric acid : but it is rapidly oxidized and* 
converted into arsenic acid by nitric and nitrohydrochloric acids. Diluted 
nitric acid transforms it into arsenious acid. It combines directly wdth chlo- 
rine, iodine, bromine, and other elementary bodies. It is rapidly oxidized 
by an ozonized atmosphere, and is converted into arsenic acid (p, 102). 
When heated in a close tube, it sublimes unchanged : but when heated in 
air, it is oxidized and converted into arsenious acid, which is deposited ia 
octahedral crystals. 
28 
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Native arsenic usually occurs in rounded masses, or nodules, of a foliated 
lamellar texture, and is often associated with the ores of silver, cobalt, lead 
and nickel. Its color in the fresh fracture is nearly tin-white, but it speedily 
tarnishes. 

Arsenic and Oxygen.— There are two compounds of arsenic and oxygen, 
namely, arsenious acid and arsenic acid. 

Arsenious Acid (AsOg) ; White Arsenic ; White Oxide of Arsenic. — . 
This is the best known, and most commonly occurring compound of arsenic. 
It is formed by the combustion of the metal ; but is generally procured by 
the joint action of heat and air on certain arseniferous ores. Arsenious acid 
occurs in white translucent vitreous masses, often of a slight buff tint, and 
occasionally transparent, especially when first removed from the subliming 
vessel : on breaking the more opaque pieces, a translucent glassy nucleus is 
often found within them. When slowly sublimed in a current of air, as in a 
tube open at both ends, the vapor condenses in regular octahedral crystals ; 
but if rapidly sublimed it forms a white powder, which, however, under the 
microscope, is evidently crystalline. The massive arsenious acid of commerce 
is generally pure, but when in powder it is sometimes adulterated with the 
sulphate of baryta or lime. The temperature at which arsenious acid rises 
in vapor is below that at which it fuses, and appears to be about 360°. The 
density of its vapor is 13*85, and it is inodorous. When heated under pres- 
sure, or when suddenly and highly heated, it fuses, and concretes on cooling 
into an amorphous vitreous solid. Arsenious acid is almost tasteless. In 
fine powder it has been described as having a rough or astringent taste. 
The specific gravity of the opaque arsenious acid is about 3*6, that of the 
transparent vitreous and fused acid is about 3*8. The solubility of arsenious 
acid in water has been variously stated, and it appears in some measure to 
be dependent upon its isomeric modifications ; 100 parts of water at 60 dis- 
solving 0*96 of the vitreous, and 1*25 of the opaque acid; and at 212^, 
9*68 of the former and 11'4'7 of the latter. When these solutions are cooled 
down to BO'^, 1'78 of the vitreous and 2"9 of the opaque are retained. 

We have found by experiment that hot water cooling from 212° on the 
opaque variety in fine powder, does not dissolve more than l-400th part of 
its weight. Water boiled for an hour and allowed to cool, will hold dis- 
solved l-40th part of its weight, or twelve grains to an ounce. If boiled 
for a shorter time not more than l-80th part is retained in the cold solution. 
Cold water does not dissolve more than from l-400th to 1-lOOOth of its 
weight. When mixed with water the powder partly floats, forming a film 
on the surface. A saturated solution of arsenious acid has a slightly acid 
reaction on litmus-paper. It is dissolved by alcohol and oils, but only to a 
slight extent. When a concentrated solution of the vitreous acid in boiling 
hydrochloric acid is suffered to cool, the crystals which it deposits have the 
properties of the opaque acid, and this transition from the one allotropic 
modification to the other is attended by the evolution of light ; but if the 
opaque acid is used, or if the deposited crystals are redissolved, those which 
are subsequently deposited from the hydrochloric solution are formed without 
any luminous appearance. 

Arsenious acid is decomposed at a dull red heat by hydrogen, and many 
of the metals. Its aqueous solution is rendered yellow by a current of sul- 
phuretted hydrogen, and when the solution is acidulated by hydrochloric 
acid a yellow precipitate of tersulphide of arsenic falls; As03,4-3HS= 
AsSg+SHO : a yellow tint is observed, even when only a 10,000th part of 
arsenious acid is dissolved. Hydrosulphate of ammonia does not precipitate 
a solution of arsenious acid unless an acid is added, when the tersulphide 
falls. Sulphate of copper and nitrate of silver give no precipitates in the 
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solution until an alkali is added, when the former produces a green, and the 
latter a yellow precipitate. For the further action of tests upon this com- 
pound in the solid as well as in the dissolved state, see page 443. 

Hydrochloric acid is a powerful solvent of arsenious acid, but by the con= 
tinued application of heat much of the arsenic escapes as chloride. A copper 
wire introduced into this acid solution, moderately heated, is instantly coated 
with a layer of metallic arsenic of an iron-gray color. (AsOg+BHCl+SCu^ 
As4-3HO + 3CuCl). On this reaction Eeinsch'^s process for the detection of 
arsenic is based (page 444). When placed in contact with nascent hydro- 
gen, as by adding zinc to the hydrochloric acid solution, or any soluble com- 
pound of arsenic to zinc and sulphuric acid, water and arsenuretted hydrogen 
are produced (As03-f-6H=AsH3-t-3HO). On this reaction. Marshes pro- 
cess for the separation of arsenic is founded (page 444). Unlike antimony, 
the metal is not separated from its solutions by tin. Thus a strip of pure 
tin-foil, placed in a solution of arsenious acid containing one-tenth of its 
volume of hydrochloric acid, remains untarnished : no metallic arsenic is 
deposited. In a solution containing antimony, this metal under similar cir- 
cumstances is rapidly separated in the cold, and is deposited on the tin in 
the form of a black powder. A boiling solution of potassa readily dissolves 
arsenious acid without change. If a strong alkaline solution is employed in 
excess, and pure zinc is added to the liquid, arsenuretted hydrogen escapes 
(KOH-6Zn-f3HO + AsO,=AsH3+KO,6ZnO). Fleitmann has recom- 
mended this process for the detection of arsenious acid when mixed with 
organic matter. 

When arsenious acid is mixed with rather more than its bulk of dry ace- 
tate of potassa or soda, and the mixture is strongly heated in a closed tube, 
it undergoes fusion, a portion of metallic arsenic is sublimed, and the oxide 
of the compound radical cacodyle^ recognized by its offensive odor, is set 
free (2C4H303-f As03=C4HgO,As + 4C02). It is decomposed by carbon 
and all carbonaceous fluxes, the metal being volatilized (As03-|-3G=As-}- 
3C0). The cyanide of potassium, mixed with a little carbonate of soda to 
prevent fusion, and the ferrocyanide of potassium, heated with arsenious acid, 
decompose it, and metallic arsenic is sublimed : 2As03-f 3KCy=2As-f 3K0, 
CyO. Arsenious acid operates as a deoxidizer. When boiled with a solu- 
tion of chromate of potassa, green oxide of chromium is produced. It de- 
colorizes a solution of permanganate of potassa, reduces chloride of gold to 
the metallic state, and reduces the black oxide of copper to red oxide, when 
a few drops of the sulphate are added to a solution of arsenious acid in 
caustic potassa, and the liquid is boiled. 

Chlorine, or a mixture of hydrochloric acid with chlorate of potassa, as 
well as an alkaline nitrate or chlorate, by fusion, convert it into arsenic acid 
and arsenate of potassa. 

Traces of arsenious acid are not unfrequent in various chemical and phar- 
maceutical preparations : it has been detected in sulphuric, hydrochloric, 
nitric, acetic, and phosphoric acids, in phosphate of soda, and in emetic 
tartar. The preparations of bismuth and copper frequently contain it ; and 
it is not unfrequently found associated with the hydrated oxide of iron, 
in the ochreous sediments of spring and river waters (page 138). This acid 
is used in many of the arts, especially in color-making, dyeing, and calico- 
printing ; it is also used in medicine, and in a variety of preparations for the 
destruction of vermin. It is much employed in the steeping of seed-corn for 
the purpose of destroying the spores of fungi. In the small quantities in 
which it is commonly sold to the public it is directed to be colored with 
indigo of soot, a circumstance which must be borne in mind in searching 
for it in cases of poisoning. It is a powerful irritant poison, and has de° 
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stroyed the life of an adult in the small dose of two grains. It is rapidly 
absorbed into the blood, and is equally fatal whether it is taken by the mouth 
or applied to a wound. 

Arsenites. — These salts, when strongly heated, either evolve arsenious 
acid or metallic arsenic : in the latter case they are converted into arsenates; 
thus, 5(As03)--3(As05) + 2As : when heated with charcoal, or cyanide of 
potassium, metallic arsenic sublimes. The alkaline arsenites, when in solu- 
tion, are decomposed by lime and the salts of lime, and a white precipitate 
of arsenite of lime falls, 2(CaO)As03 : they are precipitated green by solu- 
tioos of copper, 2(OuO)As03, and yellow by nitrate of silver, 2(AgO)As03, 
They are not precipitated by sulphuretted hydrogen, except when an excess 
of a stronger acid is present : in this way the hydrochloric solutions of those 
arsenites, which are insoluble in water, may also be decomposed. The 
arsenites of ammonia^ potass a ^ and soda, are easily soluble, but are uncrys- 
tallizable : they are formed by dissolving the acid in the respective alkaline 
solutions. The supposed crystals of arsenite of ammonia deposited by the 
solution of arsenious acid in ammonia are quite destitute of ammonia, and 
consist only of arsenious acid. When arsenious acid is dissolved in the 
alkaline carbonates, it is deposited unaltered by evaporating the solution, so 
that it has been doubted whether this acid expels carbonic acid in the humid 
way. 

The arsenites of lime, haryta, strontia, and magnesia^ are with difficulty 
soluble in water, but readily soluble in hydrochloric acid : there are two 
arsenites of lime— one basic, =2(CaO)As03; the other neutral, CaO,As03, 
Arsenite of potassa is the active ingredient in the Liquor arsenicalis of the 
Pharmacopoiia, and in Fowler^'s mineral solution, or tasteless ague-drop. A 
mixture of arsenious acid with carbonate of potassa, or soft-soap, is used as 
a wash for killing the fly in sheep. Another mixture, used by naturalists for 
preserving animals, consists of 32 parts of white soap, 32 of arsenious acid, 
12 of dried carbonate of potassa, and 4 of powdered quicklime, with 1 part 
of camphor. Arsenuretted hydrogen is said to be slowly evolved from this 
composition. 

Arsenite oe Copper, 2(CuO)As03, Scheeleh green; A ceto- Arsenite of 
Copper, Schweinfilrth green 3(CuO,As03)-f (GuO,04H303) are green pig- 
ments much used in the arts. The latter, known also by the name of Emer- 
ald green, from its rich green color, containing 59 per cent, of arsenious 
acid. It is much employed in the coloring of paper-hangings and various 
articles of dress, as well as in the coloring of confectionery. When an alka- 
line arsenite is mixed with a solution of sulphate of copper, a precipitate of 
an apple-green color falls {ScheeWs green), used as a pigment: it is prepared 
by dissolving 2 parts of sulphate of copper in 44 of hot water, and gradually 
adding it to a solution of 2 parts of carbonate of potassa and 1 of arsenious 
acid in 44 of hot water, the whole being well stirred during mixture : the 
arsenite of copper, in the form of a fine green powder, is gradually deposited, 
and is to be washed and dried at 212^. A similar preparation, known 
under the name of Schiveinfilrth green, is made as follows : 60 lbs. of sul- 
phate of copper and 10 of lime are dissolved in 20 gallons of vinegar, and 
a boiling-hot aqueous solution of 50 lbs. of arsenious acid quickly stirred 
into it; the precipitate is dried and reduced to a fine powder. This green 
pigment, by reason of its being very loosely laid on paper-hangings is liable 
to be diffused in the air of a room, and under these circumstances it has in 
some cases given rise to the usual well-marked symptoms of chronic poison- 
ing. Its employment on articles of dress and confectionery has been attended 
with more serious consequences. The following is a simple method of de- 
tectiog arsenic in the colored substance. Cover a portion of the green paper 
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with a solution of ammonia. The green pigment is dissolved and forms a 
blue solution with the ammonia, owing to the oxide of copper with which 
the arsenic is combined. Place a few crystals of nitrate of silver in a por- 
celain capsule, and pour upon them a few drops of ammouiacal solution. If 
arsenic is present, the crystals will acquire a superficial yellow color by the 
production of yellow arsenite of silver (see page 443). A small portion of 
the green powder, when heated in a reduction-tube, yields a sublimate of 
octahedral crystals, which may be easily identified as arsenious acid. 

In the solutions of lead, antimony, and bismuth, arsenite of potassa forms 
white precipitates ; added to nitrate of cobalt, it forms a pink precipitate ; 
and bright yellow, with nitrate of uranium. With nitrate of silver it forms 
a yellow precipitate, very soluble in ammonia. All these precipitates are 
probably arsenifes of the respective metals, and, heated by a blowpipe on 
charcoal, they exhale the smell of arsenic. They are decomposed when 
boiled in solution of carbonate of potassa or of soda; they are mostly 
soluble in an excess of arsenious acid, and are readily dissolved by nitric 
acid, and such other acids as form soluble compounds with their bases. Na- 
tive arsenite of lead is found in France, Spain, and Siberia, and the mineral 
called Gondurrite appears to be an arsenite of copper. 

Arsenic Acid (AsO^) is obtained by distilling a mixture of 1 part of hy- 
drochloric, 12 parts of nitric, and 4 parts of arsenious acid: nitric oxide gas 
is given off, and when the contents of the retort have acquired the consist- 
ency of a thin syrup, they are poured into a porcelain dish, and evaporated 
by a moderate heat ; suddenly, the arsenic acid (which is anhydrous) con- 
cretes into an opaque white mass, which should be put, whilst warm, into a 
well-stopped phial. The hydrochloric acid is only useful in promoting the 
solution of the white arsenic, which otherwise adheres to the retort, and oc- 
casions irregular ebullition. 

Arsenic acid is a white deliquescent compound ; it forms several crystal- 
lizabie hydrates: it fuses in close vessels at a heat approaching to redness, and 
concretes on cooling into a vitreous mass; at a higher temperature it is 
decomposed, oxygen is evolved, and arsenious acid sublimes (As05=As03+ 
20). Its specific gravity is about 3*7. It requires for solution 6 parts of 
cold and 2 of boiling water ; its solution reddens vegetable blues, and has 
an acid and metallic taste. When water is poured upon the solid acid, part 
only is immediately dissolved, and another portion, as is the case with phos- 
phoric acid, remains undissolved, but after a time, upon agitating the solution, 
the whole is taken up. Arsenic acid gives with lime-water a white precipi- 
tate, and with ammonio-sulphate of copper a pale greenish-blue precipitate. 
It is converted by sulphurous acid into arsenious acid, and by the bisulphite 
or hyposulphite of soda into arsenite of soda (AsOg + 2S03=As03-|-2S03). 
It exerts no reducing action on chloride of gold, permanganate of potassa, 
or the salts of copper and chromium. With aniline it produces a purple 
dye. When heated with hydrochloric acid, and copper is introduced into 
the liquid, metallic arsenic is only slowly deposited; and there is no deposit 
unless the arsenic acid is in comparatively large proportion. Sulphuretted 
hydrogen very slowly affects it, and throws down after a time a pale yellow 
pentasulphide (AsOs-f 5HS=AsS5 + HO). To effect its complete preci- 
pitation, it should be first converted into arsenious acid by warming the solu- 
tion with sulphurous acid. Another method consists in acidulating the liquid 
with hydrochloric acid, then adding a solution of hyposulphite of soda, and 
boiling the mixture. Tersulphide of arsenic is precipitated (AsS^). With 
nitrate as well as with the ammonio-nitrate of silver, arsenic acid gives at 
once a red-brown precipitate. It is decomposed by nascent hydrogen like 
arsenious acid, and yields arsenuretted hydrogen. When the solid acid is 
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heated to redness with carbon or cyanide of potassium, the arsenic is reduced 
to the metallic state, and is sublimed. 

Arsenates are produced by the union of this acid with metallic oxides ; 
those which are insoluble may be formed by adding arsenate of potassa to 
their respective solutions. The normal arsenates are constituted like the 
phosphates, of 1 atom of acid with 3 of base, and there are also salts with 
1 and 2 atoms of basic oxide, in which the deficient base is replaced by 1 
and 2 atoms of water ; but there appear to be no modifications corresponding 
to the pyrophosphates and metaphosphates. The arsenates which are in- 
soluble in water, are soluble in dilute nitric acid and in such other acids as 
do not form insoluble compounds with their bases : ammonia precipitates 
them from these solutions. They are readily decomposed by charcoal at a 
red heat; but many of them, when heated alone, are unchanged even at a 
higher temperature. They are decomposed when boiled in solutions of the 
fixed alkaline carbonates. The soluble arsenates generally give a white pre- 
cipitate with lime-water 2(CaO)HO,As05; they are not immediately preci- 
pitated by a solution of sulphuretted hydrogen : with protosulphate of iron 
they give a white precipitate (or yellowish if arsenious acid be at the same 
time present). They give white precipitates with solutions of lead and zinc ; 
yellow with the persalts of uranium and mercury ; red with the solutions of 
salts of cobalt ; green with those of nickel ; pale greenish-blue with those of 
copper 2(CuO)HO,As05, and reddish-brown with those of silver 3(AgO) 
AsOg. The last reaction is the most characteristic ; hence nitrate of silver 
is alone sufficient for the detection of an arsenate. These precipitates are 
mostly soluble in hydrochloric acid, and in solutions of ammoniacal salts. 
Arsenate of potassa gives a yellow precipitate with persulphate of uranium 
when the solution is so diluted as to contain only a 10,000th part of arsenic 
acid ; and with protosulphate of iron a white cloud is perceptible under the 
same state of dilution. All the arsenates, when dissolved in water or in 
dilute nitric acid, give a white precipitate with acetate of lead, which fuses 
and emits arsenical fumes when heated on charcoal before the blowpipe. 

The salt commonly called Binarsenate of potassa =K0,As05, may be 
formed either by adding excess of arsenic acid to a solution of potassa, and 
evaporating ; or by heating to redness, in a Florence flask, a mixture of equal 
parts of nitre and white arsenic. During the latter operation much nitrous 
gas is evolved, and on dissolving the residue in water, filtering, and evapo- 
rating, prismatic crystals are obtained, resembling those of the corresponding 
phosphates of ammonia and potassa; they are soluble in 5-3 parts of water 
at 40° and insoluble in alcohol ; their formula is KO,2(HO),AsOg. Mac- 
quer was the first who procured this salt; hence itMs termed Macquerh Ar- 
senical salt It is not easily decomposed by heat alone, and may be fused 
and kept red-hot without undergoing other change than losing a little water ; 
but when mixed with about an eighth of charcoal-powder and distilled, 
metallic arsenic rises, and carbonate of potassa, mixed with a part of the 
charcoal, remains in the body of the retort. This salt as well as the arsenite, 
is used in medicine. It is a delicate test of the presence of silver, in solu- 
tions of which it occasions a red-brown precipitate ; it is also sometimes 
used to separate iron from manganese ; it produces in the persalts of iron a 
white precipitate, whilst the arsenate of manganese remains in solution. Ar- 
senate of soda is extensively used in calico-printing. When dissolved m 
water and mixed with sugar, it is sometimes employed as a fly-poison. Paper 
impregnated with this liquid, and dried, is sold under the name of Papier 
Moure. The arsenates of the alkaline earths are not soluble in water. When 
a solution of an arsenate is acidulated with hydrochloric acid, and boiled 
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with hyposulphite of soda, tersulphide of arsenic is precipitated. (See p. 
43T.) 

Arsenic acid forms a nearly insoluble compound salt with ammonia and 
magnesia, resembling the aramonio-magnesian phosphate. When phosphoric 
acid or a phosphate is not present, arsenic may be thus separated, and its 
quantity determined. If a solution of sulphate of magnesia is mixed with 
a solution of arsenic acid; and if ammonia, with chloride of ammonium, is 
then added, an insoluble crystalline precipitate of arsenate of ammonia and 
magnesia is slowly produced. This is not only a test for arsenic acid, but it 
serves to distinguish it from arsenious acid, as this forms no similar com- 
pound salt. The precipitate, when dried at 212^, has the composition NHg, 
HO,2(MgO)As05,HO. It contains 62*9 per cent, of arsenic acid. It does 
not, like the corresponding phosphate, admit of calcination, as a portion of 
arsenic would be expelled at a high temperature. 

Arsenates of Iron.— The protosalts of iron give a white precipitate with 
arsenate of ammonia, which gradually becomes green on exposure to air ; 
it appears from Chenevix's analysis to be 3(FeO),As05,6lIO. When solu- 
tions of perchloride of iron and bibasic arsenate of soda are mixed, a white 
perarsenate of iron Mh: 2Fe3Cl3-f 3[2]S^aO,AsOJ = 2Fe203,3As05-f 6NaCL 
This salt, when dried at common temperatures, retains about 18 per cent, of 
water (=12 atoms) which it loses when heated, and becomes red, and at 
higher temperatures it glows and acquires a yellow color. It is insoluble in 
water ; hence hydrated peroxide of iron has been used as a chemical anti- 
dote in poisoning by arsenic. This oxide precipitates both arsenious and 
arsenic acid when these are in solution in water. The arsenates of the other 
metallic oxides call for no special notice. 

Arsenio and Hydrogen ; -Arsenuretted Hydrogen Gas. — Hydride of 
Arsenic (AsHg).-^ — When nascent hydrogen comes into contact with arsenic, 
or any of its soluble compounds, a portion of the metal is carried over in a 
state of combination with the hydrogen. When arsenious acid is added to 
dilute sulphuric acid, and zinc is dissolved in the mixture, the liberated 
hydrogen is rich in arsenic ; but free hydrogen is also evolved. Pure arsenu- 
retted hydrogen is best obtained by the action of hydrochloric acid upon a 
pulverized alloy of zioc and arsenic, obtained by fusing together equal parts 
of these metals. 

This gas is colorless : it has a nauseous odor resembling garlic, and is so 
poisonous that extreme caution must be observed in dealing with it. It has 
proved fatal to three chemists, who were engaged in experiments upon it. 
The gas blackens paper impregnated with nitrate of silver, but it produces 
Eo change of color on paper impregnated with a salt of lead. 

Arsenuretted hydrogen may be collected and retained over water, which, 
however, absorbs it to the amount of about one-fifth of its volume, and, if it 
contain air, a dark-colored film of arsenic is gradually deposited ; it is not 
absorbed by alkaline solutions, nor by alcohol or ether, but oil of turpentine 
absorbs it largely. It is liquefied, under atmospheric pressure, when cooled 
down to ~40O. Faraday could not solidify it at 166^ below 0^ Arsenu- 
retted hydrogen is decomposed at a full red heat, arsenic is deposited, and 2 
volumes of the gas afford 3 volumes of hydrogen. When mixed with an 
fnsufiicient quantity of air or oxygen for its perfect combustion it deposits 
metallic arsenic in burning ; but with excess of oxygen it explodes with 
violence, and forms water and arseniaus acid. It burns in contact with air with 
a pale blue flame, forming water and arsenious acid, and depositing arseni- 
ous acid upon the sides of the jar as the flame descends (AsH3+60=3HO-f 
AsOg). These are the products of its combustion when burnt from a jet. 
If a clean glass plate, or a surface of porcelain, is held above the point of 
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the flame, arsenions acid and water only are deposited ; if held so as to bisect 
the flame a deposit is obtained, consisting of metallic arsenic in the centre, 
and of white arsenious acid at the circumference. When deposited on glass 
the central portion is opaque if viewed by transmitted light, but by reflected 
light it has a strong metallic lustre. The deposit is of a hair-brown color 
at the circumference. It possesses the following additional chemical cha- 
racters : 1. It is entirely dissolved by fuming nitric acid, and leaves, on 
evaporation, arsenic acid, 2. It is readily dissolved by a fresh solution of 
chloride of lime, and leaves, on evaporation, some arsenate of lime mixed 
with chloride. 3. It is not readily dissolved by hydrosulphate of ammonia; 
on evaporation it leaves a yellow residue of sulphide of arsenic. The anti- 
monuretted hydrogen, produced under similar circumstances, has widely 
different properties. In addition to those elsewhere described (page 428) 
the following may be noticed in contrast with the characters of an arsenical 
deposit : 1. It is not dissolved by a solution of chloride of lime. 2, It is 
readily dissolved by hydrosulphate of ammonia, leaving, on evaporation, an 
orange-red sulphide of antimony. 

The sp. gr. of arsenic in vapor is ]0*39, and the sp. gr. of arsenuretted 
hydrogen is 2*695, As in the analogous compound of phosphorus-— half a 
volume of the vapor of arsenic = t 5, is combined with three volumes of hy- 
drogen=3, the 3J- volumes being condensed into 2 volumes of the gas (ppo 
66 and 229). 

Atoms. Equiv. Per cent. Yol. Sp. Gr. 

Arsenic . o 1 ... 75 ... 96-15 ... -J ... 5-195 
Hydrogen . . 3 ... 3 ... 3-85 ... 3 ... 0-207 

1 78 100-00 2 5-402 

The sum of the sp. gr. of the constituents, divided by 2(5*402-^2), is 
equal to 2-701, which is but little in excess of the sp. gr, determined by 
Dumas. Compared with hydrogen, the sp. gr. is one-half of the equivalent 
weight, namely, 39. Tlie observation occurs with this as with respect to the 
phosphorus-compound : one volume of the vapor of arsenic is equivalent to 
two atoms of this elementary substance. 

Arsenuretted hydrogen gas is instantly decomposed by chlorine ; and if 
chlorine is suffered to ascend into a jar containing it, while standing over 
water, each bubble inflames, producing hydrochloric acid, while brown fumes 
of arsenic are produced and deposited ; if the arsenuretted hydrogen is sent 
up in the same way into chlorine, when this gas is in great excess hydro- 
chloric and arsenious acids are immediately formed. The gas is similarly 
decomposed by iodine and bromine. Agitated with a solution of sulphate 
of copper, the gas is absorbed, and arsenide of copper and water are formed. 
3(CuO,S03)-fAsH3=Cu3As+3HO-f 3SO3. This action furnishes a means 
of testing the purity pf the gas, for any uncombined hydrogen remains un- 
absorbed. It reduces the salts of silver, gold, platinum, and rhodium, to 
the metallic state, and arsenious acid remains in solution : thus, with nitrate 
of silver, the results are silver, arsenious acid, water, and nitric acid. 6(AgO, 
]sroj+AsH3=6Ag+As03-h3HO + 6N05. We find by experiment that 
there are no liquids which so completely arrest and decompose this gas as a 
saturated solution of nitrate of silver and fuming nitric acid. 

Arsenic and Chlorine; Terchloride oe Arsenic (AsClg).— This com- 
pound may be formed : 1. By throwing finely-powdered arsenic into chlo- 
rine ; the metal burns and produces a volatile liquid ; or by passing dry 
chlorine over arsenic placed in a tube, and gently heated : the resulting vapor 
of the chloride should be condensed in a receiver cooled by ice, and may be 
purified by redistilling it with a little powdered arsenic. 2. Distil 6 parts 
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of corrosive sublimate with 1 of powdered arsenic ; the chloride passes into 
the receiver in the form of an unctuous fluid, formerly called butter of arsenic, 
3. 1 part of arsenious acid with 10 parts of sulphuric acid, are put into a 
tubulated retort, and the temperature raised to about 212°. Fragments of 
fused common salt are then thrown in by the tubulature ; by continuing the 
heat, and successively adding the salt, chloride of arsenic is obtained ; it 
distils over, and may be condensed in cold vessels. Yery little hydrochloric 
acid is disengaged, but towards the end of the operation, a portion of h j- 
drated chloride of arsenic is produced, which floats upon the pure chloride, 
and appears more viscid and colorless. Mixed with a large quantity of 
water, the chloride of arsenic is decomposed, and arsenious acid is formed, 
hydrochloric acid being at the same time produced. On this reaction Schnei- 
der, in 1852, founded a process for procuring arsenic by distillation in cases 
of poisoning. When fused chloride of sodium is employed, this should 
always be kept in excess, as if the sulphuric acid is in excess, the arsenious 
acid will be retained by it in the retort. If the mixture of arsenious and 
hydrochloric acids is saturated with chlorine, or chlorate of potassa, the ar- 
senic is converted into arsenic acid, and barely a trace passes over as chloride. 

Chloride of arsenic, when concentrated, is a dense oleaginous transparent 
liquid : it does not freeze at 0° ; it boils at about 27 0°, the density of its 
vapor being 6*3 : it exhales vapor when exposed at common temperatures to 
the air. With a small quantity of water it forms what has been termed 
hydrated chloride of arsenic : this is probably a hydrochloric solution of 
arsenious acid; [AsClg-f 3HO=As03 4-3HCl], and when more largely 
diluted, arsenious acid is deposited ; but when a solution of arsenious acid 
in excess of hydrochloric acid is heated, the whole volatilizes, and there is 
no residue ; so that when hydrochloric acid containing arsenious acid is dis- 
tilled, the product which passes over is always arseniferous ; and when any arse- 
niferous acid acts upon common salt, the hydrochloric acid which is evolved 
carries arsenic with it. On this reaction is based a method of separating 
arsenic from mineral and organic substances {see page 444). A diluted 
solution of chloride of arsenic reduces a solution of gold to the metallie 
state. When heated with metallic copper, arsenic is deposited on the metal ; 
and when a rod of zinc is introduced into the liquid, the arsenic rapidly 
escapes as arsenuretted hydrogen. 

There is no pentachloride of arsenic ; i. e., no chloride corresponding to 
arsenic acid. When arsenic acid is distilled with hydrochloric acid, terchlo- 
ride only appears to be produced to a limited extent. The greater part of 
the arsenic acid remains unchanged in the retort. 

A solution of the chloride of arsenic is used in medicine. It is a powerful 
poison, as it is readily absorbed. A quantity equivalent to the tenth part 
of a grain has produced serious symptoms. 

Arsenic and Sulphur. Bisulphide of Arsenic. — Red sidpMde of Ar- 
senic. Realgar (AsSg). — By slowly fusing a mixture of metallic arsenic 
and sulphur, or by heating 15 parts of arsenious acid with 8 parts of sulphur, 
a red sidphide of arsenic is obtained. It is crystallizable, and of a vitreous 
fracture : its specific gravity is 3*4 to 3*5. It is easily fusible, and may be 
sublimed, unaltered, in close vessels. It is usually known under the name 
of Realgar, and occurs native. It is used in the preparation of the pyro- 
technical compound, called White Indian Fire, which consists of 24 parts 
of saltpetre, t of sulphur, and 2 of realgar, finely powdered and well mixed. 
The mixture burns with a splendid white flame of great brilliancy. 

Tersulphide oe Arsenic. Orpiment, Sulpharsenious Acid (AsSg).— 
When sulphuretted hydrogen is passed through a solution of arsenious acid 
in dilute hydrochloric acid, this sulphide is formed. It is also procured bj 
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subliming a mixture of sulphur and arsenious acid, or arsenic, in proper 
proportions. It is fusible, and sublimes in close vessels without change : it 
has a rich golden-yellow color, and assnmes a lamellar texture on cooling. 
Heated in air, it burns with a pale-blue flame, producing fumes of sulphur- 
ous and arsenious acids. Its specific gravity is 3-45. It is soluble in caustic 
alkaline solutions ; it is insoluble in diluted acids, but is decomposed by 
nitric and nitro-hydrochloric acids, forming arsenic and sulphuric acids. 
These sulphides are decomposed by fusion with potassa ; sulphide of potas- 
sium and metallic arsenic in the form of a sublimate, are the results. 

As this sulphide is commonly met with, it contains undecomposed arse- 
nious acid in variable proportions. This may be separated by boiling the 
compound in water, in which the sulphide is insoluble. Although the sul- 
phide is not very soluble in strong hydrochloric acid, yet under continued 
heat, chloride of arsenic and arsenuretted hydrogen are produced. It is 
only the hydrated precipitated sulphide that is readily dissolved by strong 
solutions of potassa, soda, or ammonia. By its solubility in ammonia sul- 
phide of arsenic may be separated from sulphide of antimony. For the 
complete reduction of this sulphide, Otto recommends that it should be 
heated with ten parts of a mixture consisting of 1 part of cyanide of potas- 
sium, and 3 parts of carbonate of soda, finely-powdered and well-dried : 
sulphocyanide of potassium is formed and metallic arsenic is sublimed (2As 
S3-f3KCy=-3KCyS,-f2As). 

An ammoniacal solution of this sulphide has been employed as a dye-stuff. 
Orpiment is the basis of a pigment called Kingh Yellow. Native Orpiment 
(the auripigmentum of the ancients) is of a bright lemon or golden color. It 
is generally massive and lamellar. This, and the preceding sulphide, act as 
sulphur acids, and form salts (Arsenio- sulphides) , with sulphur bases. 

Persulphide of Arsenic. SulpJiarsenic Acid (AsS^). — When sulphuret- 
ted hydrogen is passed through a concentrated solution of arsenic acid, a 
pale yellow precipitate very slowly falls, which may be sublimed, without 
change, in close vessels. It is fusible, and soluble in alkaline solutions, but 
insoluble in boiling water. The same compound is obtained when sulphuret- 
ted hydrogen is passed through a concentrated solution of arsenate of 
potassa, and the resulting sulpho-salt is decomposed by hydrochloric acid 
(p. 43t). This compound reddens litmus-paper. Its reactions are those of 
a sulphur acid. Thus, it combines with alkaline and metallic sulphides to 
form sulphur salts, and it expels carbonic acid from the carbonates. The 
sulphides of arsenic are poisonous, but in a less degree than arsenious acid. 
Common orpiment, owing to its containing , arsenious acid, is a virulent 
poison. 

There is a native sulphide of arsenic and iron diffused with ordinary py- 
rites (FeAs,EeS2). It is of a more silvery color than common pyrites. 
When heated, it exhales an odor of arsenic. It is called arsenical pyrites, 
or mispickel. It is an abundant source of arsenious acid. By the decom- 
position of arsenical pyrites, under exposure to air and moisture, insoluble 
compounds of the acids of arsenic and oxide of iron are diffused through 
certain soils, and are contained in the sediments of spring and river waters. 

Alloys of Arsenic ; Arsenides.— Arsenic unites with most of the metals, 
forming compounds which are generally brittle and comparatively fusible. 
Arsenic and iron form compounds which are more brittle, hard, and fusible 
than iron: iron containing only 2 or 3 per cent, of arsenic becomes very 
brittle when heated. Native arsenide of cobalt occurs in cubic, octahedral, 
and dodecahedral crystals, sp. gr. 6't8, of a tin white color; it contains 
about 20 per cent, of cobalt and 80 of arsenic, and is therefore COgASg. The 
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ore known in Germany as speishohalt is an arsenide of cobalt, iron, and 
nickel. Arsenide of nickel is gray and brittle. Kupferniclcel is a native 
a7^senide=A^W\] and the white arsenical nickel, or nickel pyrites^ is AsNi. 
When copper is heated to redness with excess of arsenic, a gray arsenide is 
formed ; it has been called white tombac. Arsenide of lead is obtained by 
heating lead with excess of arsenic or of arsenious acid ; it is of a gray, crys- 
talline, brittle compound. A very minute quantity of arsenic (less than 1 
per cent.) is always contained in common lead shot ; it gives the lead the 
property of spherical granulation when the fused metal is passed through a 
sieve and suffered to fall through the air till it solidifies. Arsenide of anti- 
mony is brittle, hard, and very fusible: it occurs native^ containing about 36 
per cent, of antimony; this ore therefore is SbASo. 

Tests for Arsenic; Analysis in Cases of Poisoning. — Arsenious acid, 
or arsenic, as it is commonly called, is a white crystalline powder. 1. When 
heated on platinum foil, or mica, it is entirely volatile at a moderate heat, 
without undergoing fusion. It escapes in a white smoke, which has no odor, 
2. When gently heated in a small reduction-tube, closed at one end, it sub- 
limes without fusing, in well-defined transparent octahedral crystals, or deri- 
vatives of the octahedron, sometimes visible without the aid of a microscope. 
8. A small portion on a loop of platinum-wire introduced into a Bunsen's 
jet, burns with a pale blue flame, emitting dense white fumes. 4. When a 
solution of hydrosulphate of ammonia is poured upon the powder it under- 
goes no immediate change of color ; but by exposure to heat, or by spon- 
taneous evaporation of the liquid, it is converted into an orange-yellow sul- 
phide of arsenic, which is dissolved by ammonia, but not by hydrochloric 
acid. 5. The powder is not easily dissolved by water, even at a boiling 
temperature. It is, however, readily dissolved by potassa without change, 
and by hydrochloric acid which converts it into volatile chloride of arsenic. 
A small quantity of hydrochloric acid in water renders arsenious acid much 
more soluble. 6. When heated with 3 or 4 parts of soda-flux (prepared by 
calcining acetate of soda in a close platinum-crucible) it yields a dark iron- 
gray sublimate of metallic arsenic. In the absence of soda-flux, powdered 
ferrocyanide of potassium may be used as a reducing agent. The sublimate 
of metallic arsenic may be identified by the following characters. When the 
glass with the metal is gently heated in a larger tube, the metal is oxidized 
and volatilized in the form of a white crystalline sublimate of arsenious acid. 
When treated with strong nitric acid containing nitrous acid, and evaporated 
to dryness, it leaves a residue of arsenic acid, which is known by the brick- 
red color, or stain produced on the addition of a few drops of nitrate of 
silver. Cadmium, tellurium, selenium, and mercury produce sublimates ; 
but when heated, or acted on, by nitric acid, the results are wholly different. 

A solution of arsenious acid in water is tasteless, and feebly acid to lit- 
mus-paper. 1. Ammonio-nitrate of silver produces with it a yellow pre- 
cipitate of arsenite of silver. 2. Ammonio-sulphate of copper gives a green 
precipitate. This precipitate, when collected, dried, and heated in a tube, 
yields a sublimate of arsenious acid in octahedral crystals. The green pre- 
cipitate, dissolved in a few drops of solution of ammonia, and treated with 
a crystal of nitrate of silver, produces on the surface of the crystal a layer 
of yellow arsenite of silver. 3. A current of sulphuretted hydrogen pro- 
duces a yellow precipitate, which is completely thrown down on acidulating 
the liquid with a few drops of diluted hydrochloric acid. This yellow pre- 
cipitate (sulphide of arsenic) is known from all others of a similar color. 1. 
By its insolubility in hydrochloric acid ; 2. By its dissolving in ammonia, 
forming a pale colorless solution ; and 3. By its yielding a sublimate of 
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metallic arsenic when heated with 2 or 3 parts of powdered ferrocyanide of 
potassium. 

Arsenic «ad~~.This compound is easily recognized. 1. By its fixedness 
when heated. 2. By its great solubility in water, and the strong acid reac- 
tion which it imparts to water. 3. By the color of the precipitate given by 
a solution of nitrate or ammonio-nitrate of silver. "When the arsenic acid 
is in a very dilute state, the precipitate is of a pale brownish color, becoming 
of a deeper and browner red in proportion to the quantity present. Metallic 
arsenic and arsenious acid may be readily identified by these properties when 
converted into arsenic acid by the action of fuming nitric acid. 

When arsenic is contained in organic liquids it may sometimes be sepa- 
rated in lumps, or powder, by washing ; or if dissolved, it may be precipi- 
tated as sulphide by sulphuretted hydrogen, and this may be tested in the 
manner above described. Reinschh process furnishes a useful trial test under 
these circumstances. The suspected liquid, which should not contain nitric 
acid, or any chlorate or nitrate, must be acidulated with pure hydrochloric 
acid (its purity having been previously determined) in the proportion of 1 
part of acid to 6 or t parts of the liquid. The acid liquid is then brought 
to the boiling point, and a piece of bright copper-wire, or foil (free from 
arsenic) is introduced. If the quantity of arsenic is minute, the copper will 
acquire a metallic deposit of a bluish or purple color, passing to gray or 
iron-gray, in proportion to the quantity of arsenic present. The coated 
copper, washed and dried, will, when heated in a small reduction tube, yield 
a sublimate of octahedral crystals of arsenious acid. If there is no tarnish 
or deposit on the copper after some minutes' boiling, it may be inferred that 
arsenic is either not present, or that the proportion is exceedingly small. 
On the other hand, there may be a deposit, but insufficient to yield crystals 
of arsenious acid. In this case the following process may be resorted to : 

The solid or tissue, previously dried and divided into small portions, or 
an extract of the suspected liquid, may be placed in a flask or retort with a 
sufficient quantity of pure and concentrated hydrochloric acid to render the 
mass quite liquid. The receiver should contain a small quantity of distilled 
water. If a globular flask is used, this may be connected with the receiver 
by means of a long narrow lube, kept cool by wetted blotting-paper folded 
round it. The distillation should take place slowly, by means of a sand- 
bath, and be carried nearly to dryness. A distillate is thus obtained con- 
taining either the chloride of arsenic, or a mixture of hydrochloric and 
arsenious acids. If this is colored, or mixed with organic matter, it should 
be submitted to a second distillation. In some cases, as where the substance 
has not been thoroughly dried, a second distillation, with a fresh portion of 
hydrochloric acid, may be required to remove the whole of the arsenic ; but 
with ordinary care this is not necessary. One-third of the liquid distillate 
(diluted with water if too acid) may now be heated with a small piece of 
polished copper foil {Reinsch''s process, p. 435). If arsenic is present, even 
to the l-4000th of a grain, the copper will indicate this by a change of 
eolor— the metallic lustre being retained. By using other portions of copper 
successively, the whole of the arsenic may be extracted. The remaining two- 
thirds of the liquid should then be submitted to Marshh process with the 
following modifications. The distillate, if very acid, should be so diluted 
that its action on zinc may not be too violent. The most convenient form 
of apparatus is a tube, about an inch in width and six or eight inches in 
height, provided with a well-fitted cork, through which passes a safety -fun- 
nel tube on one side, and an exit or delivery-tube, bent at a right angle, on 
the other side. The exit-tube should be connected bv corks with a short 
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wide tube, containing fragments of fased chloride of calcium, for the purpose 
of drying the gas. To the other end of the drying-tube there should be 
fitted a long tube of hard glass (free from lead), about one-quarter of an inch 
in diameter, and provided with two or three capillary contractions. This 
tube should be bent at a right angle, so that the end of it may dip into a 
solution of nitrate of silver. 

Pure zinc having been placed in the apparatus, the acid distillate is poured 
upon it through the funnel. After a short time, if arsenic is present, the 
bubbles of hydrogen, as they escape, will darken the solution of nitrate of 
silver. The liquid will first become of a pale brown color, gradually deepen- 
ing to black, according to the amount of arsenic present (p. 435). When 
the silver solution has undergone this change, the horizontal glass tube may 
be heated to redness, about an inch before each capillary contraction. The 
arsenuretted hydrogen will be thereby decomposed, and a dark mirror of 
metallic arsenic, in the form of a ring, will be deposited in the contracted 
portion of the tube. By this arrangement, three or more metallic deposits 
of arsenic, corresponding to each contraction, may be procured. 

When the gas has spent itself in the silver solution, this may be removed. 
The end of the delivery-tube should then be washed, and allowed to dip 
into a small quantity of fuming nitric acid containing nitrous acid. This 
completely arrests and decomposes the arsenuretted hydrogen. 

The chemist has now before him all that is necessary to identify the sub- 
stance as arsenic. The glass tube is detached from the apparatus, and the 
metallic sublimates are obtained separately by melting the glass in the con- 
tracted portions. 'One may be sealed up and preserved ; one may be tested 
by applying a gentle heat to the metallic deposit, when a brilliant ring of 
colorless octahedral crystals may be obtained, plainly visible under the mi- 
croscope. With respect to the other tube, the portion of glass containing 
the metallic deposit may be separated by a file, broken into fragments, and 
digested in a small porcelain capsule, in a few drops of fuming nitric acid„ 
On evaporating to dryness and adding a solution of nitrate of silver, a red- 
dish-colored precipitate, entirely soluble in ammonia, indicates that arsenic 
acid was present, and that the metallic deposit was arsenic. It is here 
assumed that the chemist is obliged to rely exclusively upon the results ob- 
tained by decomposing the arsenuretted hydrogen gas by heat. In general, 
however, it will be found that the silver solution and the nitric acid which 
have been employed to receive the surplus gas, will yield satisfactory evi- 
dence, and render a special analysis of the metallic deposits unnecessary. 

1. The darkened solution of nitrate of silver is filtered, in order to sepa- 
rate the metallic silver. A slight excess of pure hydrochloric acid is added 
to the filtrate, in order to throw down completely any surplus silver contained 
in the liquid. When the chloride of silver has been deposited, the liquid 
should be again filtered, and a current of washed sulphuretted hydrogen 
passed into it. If the arsenic is in sufiicient quantity, a golden-yellow pre- 
cipitate of tersulphide of arsenic immediately appears. This will be found 
to have the properties elsewhere assigned to it (p. 441). 

2. The fuming nitric acid into which the gas has been passed, may be 
evaporated to dryness on a sand-bath in a clean porcelain capsule. A white 
deliquescent acid residue is thus obtained. On adding to this residue a 
few drops of nitrate, or of ammonio-nitrate of silver, a brick-red precipitate 
of arsenate of silver is immediately produced. (For further details of this 
process see Guy's Hospital Eeports^ Oct. 1860, p. 253.) 

The usual method of detecting arsenic in the tissues or organs of the 
body, consists in rendering the arsenic soluble in the midst of a large quan- 
tity "^of carbonized organic matter, which, in spite of every care, will more oir 
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less accompany it. By the process of distillation as originally suggested by 
Schneider, the arsenic is removed from the organic matter, and thus sepa- 
rated from a large number of metals which do not form volatile chlorides at 
a low temperature. The residue in the retort, after the complete separation 
of arsenic, may be analyzed for mercury, antimony, and other metals. This 
process does not interfere with the carbonization of the residue by sulphuric 
acid, if necessary. In the state of chloride, arsenic is distinguished from all 
metals excepting antimony, by its ready conversion into a gaseous hydride, 
and by the entire decomposition of this hydride by heat. Lastly, by means 
of the hydrate the arsenic may be reproduced, 1st, as metal; 2d, as arse- 
nious acid ; and 3d, as arsenic acid, beyond which it is unnecessary to carry 
the analysis. The processes of Marsh and Reinsch are not here resorted to 
until after the arsenic has been separated from other substances by distilla- 
tion. These processes should corroborate each other ; and the only caution 
required, is that pure zinc and copper, as well as pure hydrochloric and 
nitric acids, should be employed. These substances should each be sepa- 
rately tested in the apparatus on a sufficient scale, before the analysis is com- 
menced. 

In reference to antimony, there are characteristic differences, which have 
been already described (p. 434). The only method by which the quantity of 
arsenic can be approximately determined in these researches, is by condensing 
the whole of the arsenic obtained from a given weight of the material, in 
fuming nitric acid, and precipitating the arsenic so obtained as arsenate of 
ammonia and magnesia (p. 439). A hundred parts of this precipitate^ 
dried at 21 2°, are equivalent to 54-14 of arsenious acid. 

If the organic substance submitted to examination, should be in a state 
of putrefaction, sulphuretted hydrogen may be found in the distillate. This 
may be removed by the addition of chlorine, and heating the liquid. If the 
quantity is small, the sulphuretted hydrogen may be stopped by placing 
lead-paper in the first portion of the drying-tube. When sulphuretted 
hydrogen comes over with arsenuretted hydrogen, the metallic deposit, ob- 
tained by heating the current of gas, is, in part at least, converted into 
yellow sulphide of arsenic. If arsenic acid is present, this should be con- 
verted into arsenious acid by sulphurous acid before submitting it to distil- 
lation. If sulphide of arsenic or orpiment is present, this should be converted 
into arsenic acid by fuming nitric acid, and then submitted to distillation as 
above described. By the process above described, minute traces of arsenic 
have been separated from Thames mud, the ochreous deposits of rivers, and 
from the salts of copper as well as from animal solids and fluids in cases of 
poisoning. 



CHAPTER XXXVII. 
Mercury (Hg=100). 

The principal ore of this metal is the sulphide or native cinnabar, from 
which mercury is separated by distillation, either with quick-lime or iron- 
filings, or by simply burning off the sulphur. Mercury occurs native, in small 
globules, generally dispersed through the sulphide. It is also found as a 
chloride, iodide, and selenide, but these are rare ores : in combination with 
silver it constitutes native amalgam. 

Mercury is a brilliant silvery-white fluid-metal^ whence the terms hydrar- 
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gyrum (iJSwp apyt^po^) and quicksilver. It has been known from remote ages. 
It is liquid at all common temperatures, solid at — 40^, and contracts at the 
moment of congelation. Its characters, when frozen, vary with the tem- 
perature, being flexible when verging towards liquefaction, but brittle at 
lower temperatures. It boils at about 660^. It emits vapor at all tempera- 
tures above 40^, but no apparent spontaneous evaporation goes on from it 
when below that temperature. Its sp. gr. at 60° is 13 'SB, but in the solid 
state it exceeds 14. The specific gravity of mercurial vapor is 6*916. When 
mercury is pure, it is not affected by agitation in contact with air ; but when 
impure, it becomes covered with a gray powder, which is a mixture of the 
foreign metallic oxide and finely-divided mercury. When pure mercury is 
shaken with water, ether, sulphuric acid, or oil of turpentine, or rubbed with 
sugar, chalk, lard, conserve of roses, &c., it is reduced to a gray powder, 
which consists of minute mercurial globules, blended with the foreign body ; 
and when this is abstracted they again unite into running mercury. In well- 
made mercurial ointment these globules are not discernible by the naked eye. 
The extent to which this division may be carried, is well illustrated in the 
preparation termed ^rec^/}^7a^ec? mercury; obtained by precipitating a solu- 
tion of corrosive sublimate by protochloride of tin : the liberated mercury 
forms so fine a precipitate that it is perfectly black, and requires several hours 
to subside. 

There are two oxides of mercury, both of them salifiable : a dioxide or 
suboxide, Hg^O, and an oxide, HgO. 

Suboxide of Mercury. Dioxide of Mercury ; BlacJc Oxide of Mercury ; 
Mer curious Oxide (Hg^O). — This oxide (formerly termed protoxide) is 
obtained when finely levigated dichloride of mercury (calomel) is triturated 
with excess of lime-water; it must be carefully washed with cold water, and 
dried at common temperatures, under exclusion of light. It is a black or 
brownish-black powder, sp. gr. 10*6, easily resolved by light, or by heat into 
metal and oxide. The salts of this oxide are generally obtained either by 
its direct solution, or by digesting excess of mercury with the acids, or with 
the salts of the red oxide, or by double decomposition: they are usually 
yellow when basic, but otherwise colorless, soluble in water, redden litmus, 
and taste metallic ; some of them are resolved by the action of water into an 
insoluble basic, and a soluble . acid salt. They give black precipitates, with 
the caustic alkalies. With carbonate of potassa they aflbrd a brownish- 
yellow, and with bicarbonate a yellowish-white precipitate, sparingly soluble 
in an excess of the bicarbonate, and becoming black and losing carbonic acid 
when boiled. With carbonate of ammonia the precipitate is at first white, 
but blackens on adding it in excess. With hydrochloric acid and soluble 
chlorides these salts give a white precipitate of subchloride of mercury, 
which is immediately blackened by the alkalies. With sulphuretted hydro- 
gen, and the hydrosulphates, the precipitate is black ; with phosphate of 
soda, white ; with iodide of potassium, greenish-yellow, darkened by an 
excess of the precipitant ; with hydrocyanic acid, mercury is precipitated, 
and a cyanide of mercury formed : Hg^O + HCy — Hg + HgCy + HO. 

Oxide OP Mercury. — Bed Oxide; Peroxide; Mercuric Oxide {KgO),^-^ 
This oxide is produced by heating mercury in along-necked flavsk, open to 
the air, nearly to its boiling-point. It becomes slowly coated with reddish- 
brown scales and crystals, and is ultimately converted into a red crystalline 
substance, called in old pharmaceutical wovks, precipitatum per s'e, or calcified 
mercury. It may also be obtained by heating nitrate of mercury, so long as 
fumes of nitrous acid are evolved ; the resulting oxide is in the form of an 
orange-red crystalline powder. This oxide is also thrown down in the form 
of a yellow powder, when potassa of soda is added to a solution of corrosive 
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sublimate, or of nitrate of mercury. In this precipitated state it posesses 
certain properties in regard to solvents, which distinguish it from the crystal- 
line oxide, of which it is considered an allotropic modification. Oxide of 
mercury has a metallic taste, and is poisonous; it is slightly soluble in water, 
and the solution, which is feebly alkaline, when exposed to air becomes 
gradually covered with a brilliant film. Its specific gravity is 11 ■014. When 
heated, it blackens, but becomes again red on cooling ; at a red heat it 
evolves oxygen, and is reduced to the metallic state ; it was thus that Priestley 
first obtained oxygen gas. When long exposed to light it becomes black 
upon the surface. It should be entirely volatilized when placed upon a red- 
hot iron, for it is sometimes adulterated with red lead. This oxide of mer- 
cury is decomposed by sulphur, phosphorus, and several of the metals : when 
mixed with sulphur and heated, it explodes ; and with phosphorus it 
explodes by the blow of a hammer. It combines with acids, and like the 
suboxide forms compounds, several of which are resolvable into salts with 
excess of base, and salts with excess of acid. There is also a great tendency 
to the formation of double salts among the haloid mercurial compounds. The 
salts of the red oxide are, generally speaking, more active and poisonous than 
those of the black oxide ; they mostly redden litmus, and are reduced first to 
the state of salts of suboxide, and then to metal, by several deoxidizimg 
agents, such as phosphorous and sulphurous acids, protochloride of tin and 
sugar. 

Meeouey and Chloeine combine in two proportions, and form a sub- 
chloride or dichloride, and a chloride or perchloride of mercury, compounds 
corresponding with the oxides, and formerly called protochloride and hichlo" 
ride ; the old terms calomel and corrosive sublimate applied to these chlorides 
are distinctively convenient. 

SuBCHLOEiDE OE Meeouey ; Dicliloride of Mercury, Calomel (Hg3,Cl), 
This compound is first mentioned by Crollius early in the seventeenth cen- 
tury. The first directions for its preparation are given by Beguin in 1608, 
There are several processes by which calomel may be obtained : one of these 
consists in triturating 4 parts of corrosive sublimate with 3 of mercury (and 
a little water to prevent the dust rising), till the whole forms a gray powder^ 
which is introduced into a proper subliming vessel, gradually raised to a red 
heat : the subchloride sublimes, mixed with a little of the chloride, which 
may be separated by reducing the whole to fine powder, and washing it in 
large quantities of hot distilled water. In this process the chloride is re- 
duced to the subchloride by the addition of mercury (HgCl+Hg,=Hg3,Cl). 
Subchloride of mercury may also be formed by precipitating a solution of 
subnitrate of mercury by a solution of common salt: Hg20,N05+NaCl= 
HggCl, -f ISTaOjNOs. Calomel is generally manufactured upon the large scale^ 
for pharmaceutical purposes, by sublimation, from a mixture of the sulphate 
of the suboxide with common salt: (Hg20,S03, + NaCl,==Hg2Cl + NaO, 
SOg). The calomel vapor is received into a capacious condenser, in which 
it is deposited in a pulverulent form : it is afterwards most carefully tritu- 
rated, levigated, and washed in large quantities of distilled water, till it be- 
comes perfectly tasteless, and till the water filtered from the washed powder 
is not discolored by sulphuretted hydrogen. 

The form in which calomel sublimes depends much upon the dimensions 
and temperature of the vessel in which its vapor is condensed. In small 
vessels it generally condenses in a crystalline cake, the interior surface of 
which is often covered with prismatic crystals : in this state it acquires, by 
rubbing into powder, a pale buff tint. If, on the contrary, it is sublimed 
into a capacious and cold receiver, it falls in an impalpable white powder « 
Ey a modification of the process, it may be suffered, as it sublimes, to fall 
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into water. But in whatever way calomel is obtained, it requires careful 
washing, and extreme care as to its state of minute mechanical division. 

Calomel is tasteless, and insoluble in water. Its sp. gr. is 1*14. At a 
heat somewhat below redness, it rises in vapor, without previous fusion ; but 
it fuses when heated under pressure. The density of its vapor is 8*2. By 
hot hydrochloric acid it is resolved into mercury and corrosive sublimate ; 
but when boiled in dilute hydrochloric acid a portion is dissolved without 
decomposition. By nitric acid it is converted into corrosive sublimate and 
pernitrate, with the evolution of nitric oxide (3Hg2Cl4-4N05=3HgCl+3 
[HgO,NOJ-|-NO<3). Sulphur, phosphorus, and several of the metals de- 
compose it. Boiled with copper and water, chloride of copper and metallic 
mercury are procured. Triturated with iodine and water, corrosive sublimate 
and iodide of mercury are formed: Hg^Cl + I^HgCl + Hgl. With aque- 
ous hydrocyanic acid calomel yields metallic mercury, and cyanide of mercury 
and hydrochloric acid are found in solution; Hg2Cl+HCy==Hg+HgCy+ 
HCl. Native Suhchloride of Mercury or Mercurial Horn Ore^ has been 
found crystallized, and sometimes incrusting and massive : it is rare. 

Chloride OF Mercury. — Per chloride. Bichloride. Oxy muriate of Mer- 
cury ; Corrosive Sublimate (HgCl). — When mercury is heated in excess of 
chlorine, it burns with a pale flame, and a white volatile substance rises, 
which is this chloride. When oxide of mercury is substituted for the metal, 
oxygen is expelled ; HgO + Cl=HgCl + : and when the oxide is gently 
heated in hydrochloric gas, water and the chloride are the results ; HgO-f- 
HCl=HgCl + HO. The ordinary process for making corrosive sublimate 
consists in exposing a mixture of chloride of sodium and sulphate of mercury 
to heat in a proper subliming vessel ; corrosive sublimate rises, and sulphate 
of soda is the residue ; HgO,SO3 + ISra01=NaO,SO3+HgCi. 

Chloride of mercury has an acrid nauseous taste, leaving a permanent 
metallic and astringent flavor upon the tongue : it is a powerful corrosive 
poison. It evaporates to a small extent at common temperatures. Its spe- 
cific gravity is 5*4. It is usually met with either in the form of heavy white 
semi-transparent and imperfectly crystallized masses, or in powder. It fre- 
quently exhibits prismatic crystals upon the inner surfaces of the sublimed 
cakes. It is soluble in about 16 parts of cold, and 3 of boiling water ; and 
as the solution cools, it deposits quadrangular prismatic crystals. It dis- 
solves in 3 parts of alcohol and in 4 of ether. When heated, it fuses, boils, 
and evaporates in the form of a dense white vapor, powerfully affecting the 
nose and mouth : the density of this vapor is 9*4 : it is condensed in prismatic 
crystals on cold surfaces. Corrosive sublimate is nearly insoluble in con- 
centrated nitric and sulphuric acids. Hydrochloric acid of the specific 
gravity 1*158, at the temperature of 60°, dissolves about its own weight, 
and the solution, when cooled to about 40°, concretes into a mass of crystals; 
there appear to be two or three of these hydrochlorates of chloride of mercury; 
they are partially decomposed when added to a great excess of water, and 
resolved into free hydrochloric acid and chloride. 

Corrosive sublimate is either decomposed by, or combines with, many 
organic bodies ; some of them convert it into calomel, others enter into com- 
bination with it, forming permanent compounds. The applications of it to 
the preservation of anatomical preparations, and to the prevention of dry 
rot, illustrate these actions. The efficacy of a mixture of white of o^gg and 
water, in preventing or mitigating the poisonous effects of this substance, 
depends upon its direct combination with albumen. 

Oxichlorides of Mercury. — There are three of these compounds produced 
by the action of corrosive sublimate on bicarbonate of potassa ; and each 
of them is said to be susceptible of allotropic modifications. If a saturated 
29 
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solution of the bicarbonate is added to 8 times its bulk of a saturated 
solution of the chloride, a red precipitate falls, which is 2(HgO)HgCi ; but 
with one volume of the alkaline solution, and two of the sublimate, the pre- 
cipitate is black and crystalline, but of the same composition. When the 
solutions are mixed in equal volumes, the precipitate, which is at first yellow^ 
is 3(HgO)HgCl ; and when the solution of sublimate is added to a large 
excess of that of the bicarbonate, carbonic acid is evolved, and brown 
crystalline crusts are deposited, which are 4(HgO)HgCl. 

Action of Ammonia on Chloride of Mercury. — When corrosive sub- 
limate is heated in a stream of ammonia, a white crystalline, volatile, and 
fusible compound is obtained, which is not soluble in water without decom- 
position : it is an ammomo-chlor'ide='NlI^j9iHgC\. A solution containing 
1 atom of sal-ammoniac and 1 of corrosive sublimate in a small quantity of 
w^ater, yields rhombic prisms, permanent in the air, but which, when dried at 
212°, become opaque, and lose about 5*5 per cent, of water. They consti- 
tute the sal alembroth of the old chemist =NH4Cl,HgCL When 1 atom of 
sal-ammoniac and 2 of corrosive sublimate are mixed and heated, a compound 
=]N'H4Cl + 2B[gCl sublimes : when the same salts are dissolved in water, the 
solution yields, on evaporation, silky crystals=NH4Cl+2HgCl + HO. 

Amidochloride of Mercury ; White Precipitate (HgNH3,HgCl) is ob- 
tained by adding a slight excess of ammonia to a solution of corrosive 
sublimate, washing the precipitate with cold water, and drying it by a gentle 
heat: 2HgCI + 2NH3=HgNH„HgClH-NH,Cl. It is a white powder, 
which, when boiled in water, is partly converted into sal-ammoniac which is 
dissolved, and partly into an almost insoluble yellow powder, which is a com- 
pound of amidide, chloride, and oxide of mercury: 2(HgNH3HgCl) + 2HO 
=NH4Cl + (HgNH34-HgCl + 2HgO). When white precipitate is highly 
heated, a red crystalline compound remains, which is represented by the 
formula 2(HgCl)Hg]Sr. 

Hydrargochlorides.— Chloride of mercury forms a numerous series of 
double salts with chlorides of the other metals, which are obtained by dis- 
solving the salts in proper proportions, and allowing them to crystallize. 

Iodides of Mercury. — There are two iodides of mercury, corresponding 
to the chlorides. * 

SuBiODiDE (Hggl) is obtained, 1. By triturating together 200 parts of 
mercury and 126 parts of iodine, moistened with alcohol. 2. By adding 
iodide of potassium to a very dilute solution of acetate or nitrate of suboxide 
of mercury : Hg,0,N05+KI=:HgJ-[-K0,N05. 3. By digesting in boiling 
water 236 parts of calomel with 166 of iodide of potassium : Hg3Cl4-KI = 
Hggl-j-KCl. 4. By triturating together 1 equivalent of mercury with 1 of 
iodide of mercury, moistened with alcohol. Subiodide of mercury is a dingy 
greenish-yellow powder; specific gravity t't : it is nearly insoluble in water, 
and insoluble in alcohol. When rapidly heated in a glass tube it fuses, and 
sublimes unaltered : gently heated, or long exposed to light, it is resolved 
into mercury and iodide. 

Iodide.— Pmo(i^c?e of Mercury (Hgl) is obtained, 1. By triturating 1 
equivalent of mercury with 1 of iodine (100 mercury and 121 iodine) 
moistened with a little water or alcohol. 2. By the mutual decomposition 
of corrosive sublimate and iodide of potassium : HgCl+KI==HgI + KCl. 
When a strong solution of iodide of potassium, is gradually added to one of 
corrosive sublimate, a red precipitate forms, which redissolves on agitation : 
forming a soluble compound of chloride and iodide of mercury ; on the 
further addition of iodide of potassium a pale reddish and permanent pre- 
cipitate is obtained, which is also a compound of chloride and iodide. 
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containing, however, more of the latter ; this precipitate, on continuing the 
addition of the iodide of potassium, becomes of a brilliant scarlet, and this 
is iodide of mercury, but if excess of iodide is added, it disappears, and a 
colorless solution of hydrargoiodide of potassium is formed ; so that to 
obtain a pure iodide of mercury the relative atomic equivalents must be 
strictly preserved. When heated it becomes yellow, and fuses into an amber- 
colored fluid, giving off vapor which condenses in yellow rhombic plates : 
these, if scratched or ruptured, resume a scarlet color (p. 36). 

Crystallizable double salts {Jiydrargoiodides) are formed by the combina- 
tion of iodide of mercury with the alkaline iodides. The iodide is soluble 
in the chlorides of the metals of the alkalies, but does not form crystallizable 
compounds with them. When a hot solution of corrosive sublimate is 
saturated with iodide of mercury, it deposits crystals on cooling=HgI, 
2HgCl. 

SuBBROMiDE OE Mercury (HggBr) is obtained when 1 atom of mercury 
and 1 of bromide of mercury are mixed and heated ; it forms a crystalline 
sublimate of a pale yellow color : it is also thrown down in the form of a 
white powder, on mixing solutions of bromide of potassium and nitrate of 
suboxide of mercury. It is insoluble in water, fusible, and volatile at a dull 
red heat. 

Bromide of Mercury (HgBr) is formed by triturating mercury with bro- 
mine, or when bromine and mercury are shaken together in water. It is 
deposited from its aqueous solution in lamellar crystals, fusible and volatile. 
It is soluble in 100 parts of cold water, and in 4 or 5 of boiling water. It 
is very soluble in alcohol and in ether. An oxyhromide of mercury =I{gBY, 
3HgO, is formed by boiling bromide and oxide of mercury together in water; 
it is a yellow crystalline powder, sparingly soluble in boiling water. There 
are several compounds of bromide of mercury with basic bromides (Jiydrar- 
gohromides), some of which are crystallizable. 

^ Mercury and Nitrogen. jSFitride of Mercury (HgglSr). — This com- 
pound is formed by passing ammonia over oxide of mercury till saturated ; 
it is then heated to 300°, and the current of ammonia continued as long as 
water is formed: 3IIgO + NH3=Ilg3lSr,-f 3H0. The product is always 
contaminated by a little metallic mercury, which may be abstracted by cold 
dilute nitric acid. Nitride of mercury is a brown powder, which explodes 
when struck with a hammer, or when suddenly heated. 

Mercury and Nitric Acid. Nitrates of Mercury.-— There appear to 
be three nitrates of the suboxide of mercury — namely, a neutral and two 
basic salts. 

1. l^\iQ neutral Nitrate of suboxide of Mercury=llg^O,lsO^, hiovm^di by 
digesting excess of mercury in cold dilute nitric acid till short prismatic 
crystals are formed, which include 2 atoms of water. (If these are left in the 
solution they gradually give place to larger crystals of a sesqui-salt.) They 
are entirely soluble in a small quantity of warm water ; by a large quantity 
of water they are resolved into an acid and basic salt : the acid salt is at 
once obtained by dissolving this, or the subnitrates, in dilute nitric acid. 
This salt is resolved by heat into red oxide {Hydrargyri nitrico-oxidum) , 
and nitrous acid; (Hg30,NO-=2HgO + NOj. 2. Sesquinitrate of suboxide 
of 31ercury (3Hg20,2N05). — ^When the first formed crystals of the preceding 
salt are left in the mother-liquor, they gradually dissolve, and are replaced 
by large transparent prisms having the formula 3Hg20,2N05,3B[0. They 
are soluble without decomposition in a little water; in much water they pass 
into a yellowish subsalt and a soluble supersalt.-— 3. Bibasic 'nitrate of sub- 
oxide of Mercury (2(Hg20)N05) is formed by repeatedly washing either of 
the preceding salts with cold water : it remains as a yellow crystalline powder. 
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Nitrates of the red oxide of Mercury; Pernitrntes of Mercury. — 1. There 
is no ciTstallizable monobasic nitrate of red oxide of mercury =}IgO, 1^0 ^^ 
When peroxide of mercury is dissolved in nitric acid, or when mercury is 
boiled in strong nitric acid, a dense liquor is obtained on evaporation, which 
stains the cuticle brown ; on further evaporation acid escapes and crystals 
of dipernitrate are formed. 2. Bibasic nitrate of red oxide of Mercury. 
Bipernitrate of Mercury 2(HgO)N05. This salt, which crystallizes out of 
the preceding solution, is deliquescent, decomposed by water, but soluble 
without change in water acidulated by nitric acid: its crystals are 2(HgO) 
N05,2HO. 3. Tribasic nitrate of the red oxide of Mercury =3 (JIgO)'NO^, 
HO, remains in the form of a yellow hydrated powder when the preceding- 
salt is drenched with cold water as long as it runs off sour. — Sexbasic nitrate 
of red oxide of Mercury, 6(HgO)N05, is formed by the continuous action of 
boiling water on the yellow tribasic salt. 

Action of ammonia on the Nitrates of Mercury. 1. Ammonio-nitrate of 
suboxide of Mercury. Hahnemann's Soluble Mercury (SHg^O, + NH40,N05). 
This compound is obtained by precipitating a very dilute cold aqueous solu- 
tion of nitrate of suboxide of mercury by a weak solution of ammonia ; the 
mixture should be constantly stirred, the ammonia not added in excess, and 
the precipitate washed as quickly as possible upon a filter, and dried in the 
shade at ordinary temperature. It is a grayish-black powder.— 2. Nitrate 
of ammonia and of suboxide of 3Iercury. By evaporating a mixed solution 
of nitrate of suboxide of mercury and nitrate of ammonia, prismatic crystals 
are formed, the aqueous solution of which gives a gray precipitate both with 
ammonia and with carbonate of potassa. — 3. Basic amido-nitrate of Mer- 
cury (HgNH2+5(HgO)N05). This compound appears to be sometimes 
formed when excess of ammonia is added to a concentrated nitrate of per- 
oxide of mercury : it is a pale yellow powder containing about 85 per cent, 
of mercury. 

Mercury AND Sulphur. Suhsulphide of Mercury; Disidphide of Mer- 
cury (Hg^S). — When 1 part of mercury is triturated for some time with S 
of sulphur, a black tasteless compound is obtained, which was called in old 
pharmacy Ethiops mineral; when boiled in solution of potassa, sulphur is 
taken up, and sulphide, (HgS) remains, so that it is probably a mixture of 
sulphur and sulphide. When sulphuretted hydrogen is passed through a 
dilute solution of nitrate of suboxide of mercury, or through a mixture of 
very finely divided calomel and water, a black powder is thrown down, which 
is a true subsulphide. 

Sulphide OF Mercury ; Bisulphide; Vermilion^ (72n?2a&ar (HgS). —-This 
sulphide is obtained anhydrous and of a red color by the following process : 
6 parts of mercury are mixed in an iron pot with 1 of sulphur, and made to 
combine by a moderate heat, and constant stirring : the mixture is then 
transferred to a subliming-vessel, and heated to redness in a sand-bath. 
Mercury and sulphur evaporate, and a steel-gray sublimate forms, which is 
removed, and rubbed or levigated into a very fine powder (vermilion). If 
mercury and sulphur are heated together in large quantities, the action is so 
intense at the moment of their combination, as to occasion an explosive 
ignition. When solution of corrosive sublimate is decomposed by the pro- 
longed action of an excess of sulphuretted hydrogen, or of an alkaline 
sulphide, the precipitate which falls is hydrated sulphide of mercury : it is 
black until warmed in the sulphuretted liquor, when it gradually reddens, as 
a result of dehydration. The principal points to attend to in procuring this 
pigment of its' most perfect hue, are in the first place the careful selection 
and cleansing of the first crystalline gray sublimate, so that there may not 
be the smallest remaining admixture of the black pulverulent amorphous 
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compound; and secondly, the perfection of the pulverization and elutriation, 
so as to render the powder as impalpable as possible. Cinnabar is not 
altered by exposure to air or moisture ; when heated to a dull redness in an 
open vessel, the sulphur forms sulphurous acid, and the mercury escapes in 
vapor. The metal is thus procured from its ores (p. 446). In close vessels 
it sublimes before it fuses. It is decomposed by distillation with fixed alkalies, 
lime, and baryta, and by several of the metals. When adulterated with red 
lead or with colcothar, it is not entirely volatile. It is insoluble in caustic 
alkaline solutions, and in nitric and hydrochloric acids ; but nitrohydrochloric 
acid acts upon, and decomposes it, even in the cold. Boiled in sulphuric 
acid, sulphurous acid is evolved, and a sulphate of mercury is formed. Native 
Ginnahar is the principal ore of mercury : it occurs massive and crystallized. 
It is of various colors, sometimes appearing steel-gray, at others bright-red. 
j^ative mercury, and native amalgam of silver, sometimes accompany it. 

Chlorosulphide op Mercury (2(HgS)HgCl). — When sulphuretted hy- 
drogen is passed through a solution of corrosive sublimate a white precipitate 
is first formed; if the action of the gas is continued, this white compound 
blackens and becomes hydrated sulphide of mercury. The same white com- 
pound is formed by digesting moist and recently precipitated sulphide of 
mercury, in a solution of corrosive sublimate. It may be washed and dried 
without decomposition. Corresponding compounds of the sulphide have 
been obtained with iodide and bromide of mercury. Sulphide of mercury 
also combines with other metallic sulphides. 

Sulphate of Suboxide op Mercury (HgyOjSOg).— When 1 part of 
mercury is digested in a moderate heat with I5 of sulphuric acid, sulphurous 
acid gas is evolved, and a white mass is obtained, which, washed with cold 
water, affords a difficultly soluble white salt, which is a sulphate of suboxide 
of mercury. The same salt is thrown down, when sulphuric acid is added to 
a solution of nitrate of suboxide of mercury : it is also formed by triturating 
equivalent proportions of mercury and persulphate, and heating the mixture. 
In this way it is prepared for the manufacture of calomel. Sulphate of sub- 
oxide of mercury requires 500 parts of cold, and 300 of boiling water for 
its solution : it crystallizes in prisms. 

Sulphate of Peroxide of Mercury ; Persulphate of Mercury (HgO, 
SOJ. — This salt is formed when two parts of mercury and three of sulphuric 
acid are boiled down to dryness. Sulphurous acid escapes in consequence 
of the decomposition of a portion of the acid(Hg + 2S03=HgO,S03+S03). 
This sulphate is decomposed in the humid way by the hydracids, and free 
sulphuric acid is found in solution. It is resolved by water into a soluble 
acid salt and an insoluble basic salt : the former may be obtained in white 
deliquescent acicular crystals. — Tribasio Sulphate op Peroxide of Mer- 
cury ; Subsulphate op Mercury (3(HgO)S03). This salt, long known 
under the name of Turpeth mineral (so called from a similarity in its medi- 
cinal effects to those of the root of the Convolvulus Terpethum, which is 
cathartic and emetic), is obtained in the form of an almost insoluble yellow 
powder by the action of boiling water upon the preceding sulphate ; when 
gently heated, its color gradually deepens to orange, but reverts to lemon- 
yellow as it cools. 

Sulphate of Mercury forms a double salt with sulphate of ammonia = 
NH^OjSOg+HgOjSOg, which is difficultly soluble, and falls in the form of a 
white powder on mixing solutions of the component sulphates. 

Phosphates of Mercury. — When solution of common phosphate of soda 
is dropped into a solution of suboxide of mercury, a white crystalline pre- 
cipitate falls (2(Hg20)I10,P05) ; when the solution of the phosphate is 
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added to pernitrate of mercury, a dense wbite insoluble powder is thrown 
down=2(HgO)HO,P05. 

Carbonates of Mercury.— Oar5(?7Z(^i(e of Suboxide of Mercury (Hg^O, 
CO2) is thrown down when solution of carbonate of soda is dropped into 
solution of nitrate of suboxide of mercury, in the form of yellow powder. 
Carbonate of Peroxide of Mercury (4(HgO)C02).— Solution of nitrate of 
mercury affords a reddish-brown precipitate with carbonate of soda, which is 
slightly soluble in excess of the alkaline solution, and in aqueous carbonic acid. 

Mercury and Cyanogen. Cyanide of Mercury (HgCy).— There are 
several processes for obtaining this compound. (1.) By boiling 1 part of 
finely-powdered peroxide of mercury with 2 of Prussian blue in 8 of water, 
a solution is obtained, which if filtered while hot, deposits crystals of the 
cyanide. (2.) When peroxide of mercury is brought into contact with the 
vapor of hydrocyanic acid they act intensely upon each other, and water and 
cyanide of mercury are formed. (8.) Peroxide of mercury may be digested 
in aqueous hydrocyanic acid. (4.) To a solution of 2 parts of ferrocyanide 
of potassium in 15 of boiling water, add 3 parts of dry persulphate of 
mercury ; boil for 15 minutes and filter off the clear liquid whilst hot j as it 
cools cyanide of mercury crystallizes, which must be purified by a second 
crystallization; (K,FeCy3+3HgO,S03=3HgCy+2KO,S03, + FeO,S03). 
Cyanide of mercury forms anhydrous prismatic crystals, nearly colorless, or 
of a pale buff color, at first transparent, permanent in the air, poisonous, 
and of a nauseous metallic taste ; they dissolve in 8 parts of water at 60^, 
and are sparingly soluble in alcohol. This salt is decomposed by heat, as 
in the process for obtaining cyanogen, and a brown or black matter remains 
in the retort, which is paracyanogen (p. 261). If distilled with hydrochloric 
acid, hydrocyanic acid and chloride of mercury are produced : it is also 
decomposed by hydriodic acid and by sulphuretted hydrogen, an iodide and 
a sulphide of mercury, and hydrocyanic acid, being formed (p. 266). Nitric 
acid dissolves it without decomposition. It is decomposed when heated with 
sulphuric acid. The alkalies do not act upon this cyanide. 

Fulminating Mercury; Fulminate of Mercury; (2(Hg30)Cya03). — 
This compound is prepared by dissolving 100 grains of mercury in a measured 
ounce and a half of nitric acid, aided by heat. This solution is to be poured, 
when cool, into two measured ounces of alcohol in a porcelain basin, and gently 
warmed : it soon effervesces and evolves ethereal vapor, and if the action is 
too violent, it must be quelled by cooling the vessel, or by the addition of a 
little cold alcohol. During this action a gray precipitate falls, which is to 
be immediately separated by decantation and filtration, washed with small 
quantities of distilled water, and carefully dried at a heat not exceeding 100^. 
The above quantity of mercury should yield about 120 grains of the pow- 
der. If the product is mixed with metallic mercury, it may be purified by 
solution in boiling water, from which it is deposited in silky acieular crystals. 
This dangerous compound is now in considerable demand for the manufac- 
ture of percussion caps. It is introduced into the caps, closely compressed, 
moistened with a resinous varnish, and subsequently carefully dried. When 
fulminating mercury is heated to about 300^, it explodes suddenly with a 
bright flame : it also detonates by friction or percussion, especially when 
placed in contact with particles of sand or glass ; by the electric spark, and 
by contact of concentrated sulphuric and nitric acids ; the gases evolved by 
its explosions are carbonic acids, nitrogen, and the vapor of mercury. 

Alloys op Mercury. Amalga?ns.—-M.eYcuYj combines with most of the 
other metals, forming a class of compounds which are called amalgams. 
Many of these are definite and crystallizable, and may be separated, by 
gentle pressure, from the excess of mercury in which the definite compound 
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is suspended or dissolved. They are generally brittle or soft. The extra- 
ordinary phenomena connected with the amalgam of ammonium, and the 
probable nature of that substance, have already been discussed (p. 109). 
One part of potassium with- tO of mercury produces a hard brittle compound. 
If mercury is added to the liquid alloy of potassium and sodium, an instant 
solidification ensues, and heat enough to inflame the latter metals is evolved. 
Iron and mercury may be combined by triturating together clean iron filings 
and zinc-amalgam, and adding a solution of perchloride of iron : by rubbing 
and heating this mixture, the iron and mercury form a bright amalgam. 
Under common circumstances, iron resists the action of mercury so perfectly, 
that the latter metal is usually kept in iron bottles ; and mercurial troughs 
and barometer cisterns are made of iron. An amalgam of zinc is used for 
the excitation of electrical machines. 8 parts of mercury and 1 of zinc form 
a white brittle compound; 5 of mercury and 2 of zinc form a crystallizable 
amalgam. Amalgam of tin is easily formed by triturating the metals to- 
gether, or by fusion at a gentle heat : it is largely used for silvering looking- 
glasses. This beautiful process is performed as follow^s i A single and per- 
fect sheet of pure tinfoil, of proper thickness, and somewhat larger than the 
plate of glass, is spread upon a perfectly plane table of slate or stone : mer- 
cury is then poured upon it, and rubbed upon its surface by a hare's foot, 
or a ball of flannel or cotton, so as to form a clean and bright amalgam ; 
upon this, an excess of mercury is poured, until the metal has a tendency to 
run off. The plate of glass, previously made quite clean, is now brought 
horizontally towards the table, and its edge so adjusted, as, by gradually and 
steadily sliding it forward, to displace some of the excess of mercury, and float 
the plate as it were over the amalgam, the dross upon its surface being pushed 
onwards by the edge of the glass, so that the mercury appears beneath it 
with a perfectly uniform, clean, and brilliant reflecting surface. Square iron 
weights, of 10 or 12 lbs. each, are then placed side by side upon the surface 
of the plate, so as entirely to cover it, and press it down upon the amalga- 
mated surface of the tin ; in this way the excess of mercury is partly squeezed 
out, and the amalgam is made to adhere, by crystallization, firmly to the 
glass (p. 23). The mercury, as it runs off, is received into a channel on the 
side of the table, which is slightly inclined to facilitate the drainage, and in 
about 48 hours the weights are taken off and the plate is carefully lifted from 
the table and set nearly upright, by which the adhering mercury gradually 
drains off, and the brilliant amalgam remains, perfectly and uniformly ad- 
hering to the glass. Amalgam of copper may be made as follows : to a 
hot solution of sulphate of copper add a little hydrochloric acid and a few 
sticks of zinc, and boil the mixture for about a minute ; the copper will be 
precipitated in a metallic state, and in a finely-divided spongy form ; take 
out the zinc, pour off the liquor, wash the copper with hot water, and pour 
upon it a little dilute nitrate of mercury, which will instantly cover every 
particle of copper with a coating of this metal ; then add mercury to the 
amount of two or three times the weight of the copper, and a slight tritura- 
tion will so combine them that the completion of the process may be effected 
by heating the mixture for a few minutes in a crucible. Lead and mercury 
readily combine in all proportions : 3 parts of mercury and 2 of lead form a 
crystallizable amalgam. Bismuth and mercury readily unite : a mixture of 
3 parts of mercury, 1 of lead, and 1 of bismuth forms a fluid amalgam used 
for silvering the inside of hollow glass spheres. When mercury is adulterated, 
it is with these metals ; but the facility with which it then oxidizes, and the 
imperfect fluidity of its small globules, render the fraud easy of detection. 

Tests for the Salts op Mercury.— The soluble salts of the suboxide are 
mostly white : some of them, when neutral, are resolved by water into basic 
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and acid salts. 1. With phosphorous and sulphurous acids, and pro to- 
chloride of tin, they give precipitates of metallic mercury ; 2. The caustic 
alkalies throw down a black, and the carbonated alkalies a yellow or brown 
precipitate ; 3. The alkaline phosphates, a white precipitate, even in very 
dilute solutions ; 4. Sulphuretted hydrogen and the hydrosulphates, black ; 
5. Hydriodic acid and the iodides, dingy green or yellow in very diluted 
solutions ; 6. Hydrochloric acid and the chlorides, white and curdy precipi- 
tates ; the alkaline chromates, red ; ferrocyanide of potassium, white; the 
oxalates, white, even when very dilute. The soluble salts of the red or per- 
oxide of mercury are mostly white when neutral, yellow when basic, and are 
often resolved by water into acid and basic salts. 1. Protochloride of tin 
gives a black precipitate, which, when boiled, thrown on a filter, and dried, 
runs into small globules of metallic mercury. 2. Caustic alkalies, when 
added in small quantity, give a reddish-brown, and in large quantity, a 
yellow precipitate of the hydrated oxide .of mercury. 8. Ammonia and 
carbonate of ammonia produce white precipitates in their solutions. 4. Iodide 
of potassium gives a red, and infusion of galls an orange precipitate. Unless 
in concentrated solutions they are not affected by hydrochloric or oxalic 
acid. Metallic mercury is precipitated from all of its solutions by a plate 
of clean copper. The insoluble mercurial salts are mostly volatilized at a 
red heat; and both soluble and insoluble salts are decomposed, with the 
production of metallic mercury, when heated in a glass tube with 2 or 3 
parts of dry carbonate of soda, or of ferrocyanide of potassium. 

Analysis in Cases op Poisoning. — Oxide of Mercury may be identified 
by its red color, its insolubility in water, and by its yielding a sublimate (in 
globules) of metallic mercury, when dried and heated in a glass tube. It is 
dissolved by nitric acid, and the solution possesses the characters assigned 
above to the persalts of the metal. White 'precipitate. This is a white chalky- 
looking powder, not soluble in water, but partly converted into a yellow 
basic salt by boiling water: 1. Ammonia does not change its color. 2. 
^Nitric acid readily dissolves it (by these two characters it is distinguished 
from calomel) ; in the acid solution, chlorine may be found by the addition 
of nitrate of silver. 3. When boiled with a solution of potassa, ammonia is 
liberated. 4. When digested with protochloride of tin, it is darkened, and 
metallic mercury is set Ivt^. 5. When heated with dry carbonate of soda, it 
yields a sublimate of metallic mercury. 

Corrosive SuUimate. — This is the principal poison of mercury. It is 
usually seen In heavy crystals, or in the form of a white crystalline powder. 
As a solid^ 1. When the powder is heated on a platinum foil or mica, it 
melts, and is volatilized in a white vapor without leaving any residue. 2. 
When heated in a close tube, it melts and forms a sublimate, consisting of 
prismatic crystals sometimes stellated. 3. The powder is changed in color 
by the following reagents : iodide of potassium produces a bright scarlet, 
potassa a yellow, and hydrosulphate of ammonia a black precipitate; am- 
monia does not alter it. 4. The mercury and chlorine m-ay be discovered 
by one process. Mis the powder with 3 parts of dry carbonate of soda, and 
heat it until the residue in the tube fuses and becomes white. A sublimate 
of metallic mercury in globules will be obtained. Detach by a file the end 
of the tube containing the fused residue, which is chloride of sodium with 
some undecomposed carbonate. Digest it in water with nitric acid, and 
apply heat until it is entirely dissolved : then add to the solution, nitrate of 
silver, A white precipitate of chloride of silver, insoluble in nitric acid will 
be at once produced. The solid is thus proved to contain both mercury and 
chlorine, and the only compound of these elements soluble in water is cor- 
rosive sublimate. In 5c?/^^^^07^ in water, L Protochloride of tin added to a 
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solution of corrosive sublimate, produces a black precipitate which, after it 
has been boiled, is resolved into globules of metallic mercury, 2. Sulphur- 
etted hydrogen and hydrosulphate of ammonia produce, after a time, a 
black sulphide, not soluble in alkalies or diluted acids. 3. If the liquid is 
acidulated, and bright copper foil, wire, or gauze, is plunged into it, the 
copper acquires a silvery- white deposit, even in the cold, but more rapidly 
by heat. When the copper with the metallic deposit is heated in a tube, 
globules of mercury are obtained. 

In Organic Liquids. — The liquid should be separated by filtration from 
any insoluble portion. The latter should be pressed, dried, and set asid.e 
for a separate analysis. A slip of bright copper foil or gauze may be employed 
as a trial test in the manner above described. In place of copper, a small 
galvanic combination, made by twisting a layer of gold-foil round a layer of 
zinc foil, may be introduced. The liquid should be slightly acidulated with 
hydrochloric acid and warmed. The metals may be suspended in the liquid 
for some hours. If the mercurial poison is present, the gold will sooner or 
later lose its color and become silvered while the zinc will be wholly or in 
part dissolved. The slip of gold foil may be washed in water, and after- 
wards in ether, and dried. It should be divided into two equal portions. 
One should be submitted to heat in a tube, when globules of mercury will be 
obtained ; the other should be heated in concentrated nitric acid, until the 
gold has reacquired its yellow color. On evaporating the excess of acid, 
and adding a solution of protochloride of tin, a dark gray precipitate of 
metallic mercury is thrown down. It may be remarked that sublimed mercury 
is wholly unlike any other volatile substance. Globules of the 8000th part of an 
inch in diameter may be easily recognized by the aid of a microscope. Their 
perfect sphericity, their silvery whiteness by reflected, and complete opacity 
by transmitted light, at once identify them as metallic mercury. 

In the event of a doubt existing respecting their mercurial nature, the 
following experiment will remove it. Cut off by a file the portion of glass 
in which they are deposited : introduce this into a wide short tube, with a 
few drops of hydrochloric, and half the quantity of nitric acid. Heat the 
acid liquid, and carry it to dryness on a sand-bath. White prismatic crys- 
tals of corrosive sublimate will remain if the sublimate was of a mercurial 
nature, and too great a heat has not been applied. On touching the white 
residue cautiously with a drop of solution of iodide of potassium, the crystals 
will acquire a scarlet-red color. 

Another method of analysis may be sometimes usefully resorted to. Place 
the suspected organic liquid in a small golden capsule. Acidulate it slightly 
with hydrochloric acid, and touch the gold, through the acid liquid, with a 
slip of pure zinc foil. Mercury will be deposited in a white silvery stain on 
the gold, wherever the two metals have come into contact. Wash out the 
capsule with distilled water, and add a few drops of strong nitric acid. Per- 
nitrate of mercury is thus obtained, which may be tested by the processes 
above described for the detection of the persaits of mercury. 

The insoluble compounds of mercury may be dissolved by strong nitric 
acid, and the solution tested for the metal. If none is found, the dried solid, 
mixed with dried carbonate of soda or ferrocyanide of potassium, may be 
heated in a tube, when mercury, if present, will be volatilized. The tissues 
may be dried and dissolved in 1 part of hydrochloric acid and 4 parts of 
water. The metal may be separated from the concentrated liquid, either by 
copper-gauze or by gold and zinc. 

The processes above described reveal only the presence of mercury. 
When the quantity of corrosive sublimate in an organic liquid is moderately 
large, it may be removed by means of ether. Place the filtered liquid sup° 
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posed to contain the poison, in a stoppered tube ; add to it, its volume of 
pure ether, and agitate the liquid at intervals for half an hour. Allow the 
liquid to subside, pour off the ether into a dial-glass, and submit it to spon- 
taneous evaporation. As the ether passes off, the corrosive sublimate will 
be deposited in white silky-looking prisms. These may be purified by solu- 
tion in water, if necessary, and the solution again crystallized. If mercury 
and arsenic are associated in a poisonous mixture, the arsenic may be en- 
tirely separated by distillation (page 446). 



CHAPTER XXXVIII. 

Silver (Ag=108). 

This metal, the Luna or Diana of the alchemists (D), was known at a 
very remote period: it is found native^ and in a variety of combinations, the 
most common of which is the sulphide. Native Silver occurs massive ; arbor- 
escent ; capillary; and, sometimes, crystallized. It is seldom pure, but con- 
tains other metals, which affect its color and ductility. 

Silver is not unfrequently obtained in considerable quantities from argen- 
tiferous sulphide of lead^ which is reduced in the usual way, and the argenti- 
ferous lead is then fused in a shallow dish, placed in a reverberatory furnace, 
with a current of air constantly passing over its surface ; in this way the lead 
is converted into oxide or litharge, and the silver is left in the metallic state. 
The litharge which results from this operation is afterwards reduced by char- 
coal, and furnishes lead which is free from silver; the ordinary lead of com- 
merce generally contains a trace of the latter metal, and is consequently unfit 
for certain purposes of the arts, especially for the manufacture of white lead. 

The sulphides of silver are reduced by amalgamation. The ore, when 
washed and ground, is mixed with a portion of common salt, and roasted : 
during this operation arsenic and antimony are expelled, the copper and the 
iron are converted into oxides, chlorides, and sulphates, and sulphate of soda 
and chloride of silver are formed. The product is powdered, and agitated 
with mercury, water, and filings or fragments of iron ; in this operation the 
chloride of silver is decomposed, chloride of iron is formed which is washed 
away, and the silver and mercury combine into an amalgam, from which the 
excess of mercury is first squeezed out in leather bags, and the remainder 
driven off by distillation. The old process of eliquation is now scarcely used : 
it consisted in fusing alloys of copper and silver with lead ; this triple alloy 
was cast into plates which were placed in a proper furnace upon an inclined 
plane of iron with a small channel grooved out, and heated red-hot, during 
which the lead melted, and in consequence of its attraction for silver, carried 
that metal with it, the copper being left behind in a reddish-black spongy 
mass. The separation of silver from lead by the process of crystallization 
has been already noticed (page 26). 

Pure Silver may be procured by dissolving the standard silver of com- 
merce in nitric acid, diluted with an equal measure of water. Immerse a 
plate of clean copper in the filtered solution, which occasions a precipitate 
of metallic silver; collect it upon a filter; wash it with a weak solution of 
ammonia, and then with water, and fuse it into a button. It may also be 
procured by adding to the above solution of standard silver a solution of 
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common salt ; collect, wash, and dry the precipitate, and gradually add it 
to twice its weight of fused carbonate of potassa mixed with carbonate of 
soda, in a red-hot crucible. Metallic silver is separated, and may be fused 
into a button. 

Properties. -—SilYer is of a more pure white than any other metal : it has 
considerable brilliancy, and takes a high polish. Its specific gravity varies 
between 10*4, which is the density of cast silver, and 10*5 to 10-6, which is 
the density of rolled or stamped silver. It is so malleable and ductile that 
it may be extended into leaves not exceeding a ten-thousandth of an inch in 
thickness, and drawn into wire infinitely finer than a human hair. Silver 
melts at a bright red heat, estimated at 18,73° of Fahrenheit's scale, and 
when in fusion appears extremely brilliant. It resists the action of air at 
high temperatures for a long time, and does not oxidize; the tarnish of silver 
is occasioned by sulphuretted hydrogen ; it takes place very slowly upon the 
pure metal, but more rapidly upon the alloy with copper used for plate. 
Pure water has no effect upon the metal ; but, if the water contains organic 
matter, it is sometimes slightly blackened. If an electric discharge is passed 
through fine silver-wire, it burns into a black powder. In the Yoltaic circle 
it burns with a fine green light, and throws off abundant fumes. Exposed 
to an intense white-heat in the open fire it boils and evaporates, but in close 
vessels it is not sensibly volatile. If suddenly cooled, it crystallizes during 
congelation, often shooting out like a cauliflower, and spirting or throwing 
small particles of the metal out of the crucible. This arises from the escape 
of oxygen, which the metal absorbs and retains whilst fluid, but suddenly 
gives off when it solidifies : this curious property of absorbing oxygen is 
prevented by the presence of a small quantity of copper. 

Oxides of Silver. — There are three oxides of this metal — -a suboxide, 
AggO; a protoxide, AgO ; and a binoxide, AgOg. Of these, the protoxide 
only forms permanent and definite saline combinations. 1. Suboxide of 
Silver (Ag^O). This oxide is obtained by the action of hydrogen on citrate 
of silver, at the temperature of 212^; the protoxide loses half its oxygen, 
and the suboxide remains combined with half of the acid. The solution in 
water of the suboxide salt is dark-brown, and the suboxide is precipitated 
black from it by potassa ; when the solution of the subsalt is heated, it be- 
comes colorless, and metallic silver appears in it. Some other salts of silver, 
containing organic acids, may be substituted for the citrate. 2. Oxide of 
Silver (AgO) may be obtained by adding a dilute solution of potassa to a 
solution of nitrate of silver, washing the precipitate, and drying it at 212°. 
It is of a dark olive color, tasteless, but soluble to a small extent in pure 
water ; and, like oxide of lead, it has when in solution an alkaline reaction : 
this solution is reddened by exposure to light, and is rendered turbid by a 
little carbonic acid, but again becomes clear with an excess. When heated 
to dull redness this oxide is reduced to the metallic state ; long exposure to 
light also reduces it, converting -it into a black powder, which is either silver 
or its suboxide. It is reducible by hydrogen at a temperature of about 212°; 
and also by phosphorous and sulphurous acids. It imparts by fusion a 
yellow color to glass, and is employed in enamel and porcelain painting. 
Oxide of silver dissolves in aqueous ammonia, forming a colorless liquor, 
which becomes coated with a film of suboxide by exposure to air ; and when 
kept for some months in a stopped bottle, acquires a film of metallic silver. 
Berthollet's fulminating silver is also formed by the action of ammonia on the 
oxide. The best process for preparing it is to pour a small quantity of strong 
aqueous ammonia upon the oxide ; a portion is dissolved, and a black powder 
remains, which is the detonating compound : it should be cautiously dried on 
bibulous paper. It explodes with tremendous violence when gently rubbed or 
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heated ; nitrogen and water are evolved, and the silver is reduced. It shoold 
only be prepared in small quantities, and handled with caution, for it occa- 
sionally explodes while wet. It is soluble in ammonia, and this solution 
sometimes deposits it in small brilliant opaque crystals. There is some doubt 
respecting the real nature of this compound ; it is probably a nitride of 
silver, ^Aggx^. The composition usually assigned is ^(AgOjNHg; when 
exploded, it is converted into 3Ag+N+3HO. 

Peroxide of Silver (AgOj. — By electrolyzing a weak solution of silver, 
acicular crystals of this peroxide are formed at the positive pole. Ammonia 
energetically decomposes it, and acids convert it into the protoxide. When 
mixed with phosphorus or sulphur, and struck with a hammer, it detonates. 
Chloride oe Silver (AgCl). — When silver leaf is acted upon by gaseous 
chlorine in a humid state, it is gradually converted into this compound, and 
if sufficiently thin, a leaf of white chloride of silver is obtained in a few 
hours ; otherwise the action is superficial. Chloride of silver is usually pro- 
cured by adding a solution of common salt to a solution of nitrate of silver. 
It falls in the form of a white curdy precipitate, which, by exposure to light, 
becomes violet-colored, brown,. and ultimately black. This happens even in 
diffused daylight, but in sunshine the change is rapid, especially if organic 
matter or moisture is present. This property of the chloride has led to its 
employment in photography. {See p. 468.) W°hen a small quantity of sub- 
chloride of mercury is precipitated along with the chloride of silver, the 
blackening effect of light is greatly diminished. Chloride of silver is so 
insoluble in water, that the minutest portion of hydrochloric acid, or of any 
chloride in aqueous solution, may be detected by it. It is insoluble in nitric 
acid, and in cold sulphuric acid ; but when boiled in sulphuric acid, it is 
slowly decomposed, with the formation of sulphate of silver. It is soluble 
to a small extent in boiling hydrochloric acid, and in .strong solutions of the 
chlorides of the alkaline metals, forming with them crystallizable double 
salts. It is abundantly soluble in solutions of ammonia, cyanide of potas- 
sium, and the alkaline hyposulphites. 

When dry chloride of silver is heated to dull redness in a silver crucible, 
it does not lose weight, but fuses, and, on cooling, concretes into a gray 
semitransparent substance (sp. gr. 5*45), which has been called horn silver, 
or luna cornea. If slowly cooled, it has a tendency to octahedral crystalli- 
zation. Heated to a bright red or white heat in an open vessel, it volatilizes 
in dense white fumes. If fused with potassa or soda, or their carbonates, 
chloride of silver is decomposed, and metallic silver is obtained; (AgCl4- 
KO— Ag-f KCl + 0). Moist chloride of silver is also decomposed when 
triturated with, and boiled in a solution of caustic potassa ; a dense black 
oxide is produced, and if sugar is added, it is reduced to metallic silver. 
It is also decomposed, when moist, by zinc, iron, and some other metals, 
especially if aided by heat and by a little hydrochloric acid. In the latter 
case hydrogen is liberated, and the silver is completely reduced (AgCl + H 
=Ag+HCl). Triturated with fine zinc filings, and moistened, the heat 
produced is considerable. The fused chloride, exposed to ammonia, absorbs 
a considerable portion of the gas, which is again given off by heat. If the 
chloride, thus saturated with ammonia, is thrown into chlorine, the ammonia 
spontaneously inflames. 

As chloride of silver is insoluble in water, a salt of silver is employed in 
quantitative analysis, as a means of ascertaining the proportion of chlorine. 
In these cases some excess of the precipitant should be used, and the preci- 
pitate allowed to subside previous to separating it upon the filter : if the 
supernatant liquor becomes perfectly clear, the whole of the silver has fallen ; 
if it remains opalescent, a portion is probably still retained. When the pre- 



IODIDE, BROMIDE, AND NITRATE 0¥ SILVER. 461 

cipitate remains long suspended, its deposition may be accelerated by heat, 
by agitation, or by adding a little nitric acid. The chloride should be per- 
fectly dried before weighing it. 100 parts of the dried and fused chloride^ 
are equivalent to 24 "Gt parts of chlorine and tS'SS of silver. 

Native Chloride of Silver has been found in most of the silver-mines ; it 
occurs massive and crystallized. 

Iodide of Silver (Agl). — When silver-leaf is put into a bottle contain- 
ing a little iodine it is speedily tarnished, and in the course of a few days 
converted into a film of yellow iodide. Iodide of silver is precipitated upon 
adding a soluble iodide to a solution of nitrate of silver. It is of a yellowish 
color, insoluble in water, and decomposed when heated with potassa. 
Chlorine also decomposes it. It is nearly insoluble in ammonia. When 
fused, it acquires a red color. It dissolves in solutions of the alkaline 
cyanides and hyposulphites, and in a saturated solution of nitrate of silver : 
it is also dissolved by iodide of potassium and other alkaline iodides. Native 
Iodide of Silver has been found in some of the Mexican ores, associated with 
native silver, sulphide of lead, and carbonate of lime. 

Bromide oe Silver (AgBr) is an insoluble yellowisb substance, thrown 
down upon the addition of bromine, or the soluble bromides, to nitrate of 
silver : it dissolves in an excess of a strong aqueous solution of ammonia, 
and readily in alkaline cyanides and hyposulphites : it is fusible, and con- 
cretes on cooling into a yellow corneous mass. Chlorine converts it into 
chloride of silver : it is sparingly soluble in solutions of bromide of potas- 
sium and sodium, and more abundantly so in a solution of sal-ammoniac i 
the compounds which it forms with the alkaline bromides are decomposed 
when diluted. Native bromide of silver has been found in Mexico and Chili, 
in small yellowish cubic crystals; and a native chlorohromide (3AgCl,2Ag 
Er) from Chili has been described by Colonel Yorke. 

Nitrate of Silver (AgO,]sr05). — Nitric acid diluted with 3 parts of 
water readily dissolves silver, with the disengagement of nitric oxide : if the 
silver contains copper, the solution is bluish ; or if gold, that metal remains 
undissolved in the form of a black powder. The solution of nitrate of silver 
should be clear and colorless ; it is caustic, and tinges animal substances at 
first of a yellow color, becoming, by exposure to light, purple or black. On 
evaporation, the solution yields anhydrous tabular crystals, which have a 
bitter metallic taste, and are soluble in about their own weight of water at 
60^, and in half their weight at 212° : they are insoluble in nitric acid. 
Alcohol dissolves about one-fourth its weight of this salt at its boiling-point, 
but deposits nearly the whole as it cools. Nitrate of silver, when mixed 
with organic matters, blackens on exposure to light; and when thus acted 
upon, it is no longer perfectly soluble in water, owing to the separation of a 
portion of metallic silver ; but if cautiously excluded from the contact of 
organic matter, light alone does not discolor it. When heated in a silver 
crucible, it fuses into a gray mass, and if cast into small cylinders, forms the 
lunar caustic of pharmacy. When nitrate of silver is exposed to a red heat, 
the acid is partly evolved and partly decomposed, and metallic silver is ob- 
tained. Sulphur, phosphorus, charcoal, hydrogen, and several of the metals, 
decompose this nitrate. A few grains mixed with a little sulphur, and 
struck upon an anvil with a heavy hammer, produce a detonation : phosphorus 
occasions a violent explosion when about half a grain of it is placed upon a 
crystal of the nitrate and struck sharply with a hammer ; if heated with 
charcoal it deflagrates, and the metal is reduced. 

A stick of phosphorus or charcoal introduced into a weak solution of 
nitrate of silver, soon becomes incrusted with crystals of silver. A plate of 
copper also occasions a precipitation of crystalline silver. Mercury intro- 
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duced into a solution of nitrate of silver causes a crystalline deposit of silver, 
csiWQdthe arbor Diance. Protosulphate of iron throws down metallic silver when 
added to a solution of the nitrate ; protochloride of tin forms a gray precipitate. 

When some of the solutions of silver are reduced by certain essential oils, 
or by grape-sugar, a brilliant film of the metal may be so thrown down upon 
glass as to furnish a substitute for the amalgam of tin usually employed for 
mirrors : the coating is not to be depended upon for durability, but it has 
the advantage of being applicable to curved surfaces and the interior of 
spherical vessels. Pelouze and Fremy describe the process as follows : 600 
grains of nitrate of silver are dissolved in 1200 grains of water; to this are 
added, 1st. T5 grains of a solution composed of 10 grains of sesquicarbonate 
of ammonia, 10 of solution of ammonia, sp. gr. 0*980, and 25 of distilled 
water; 2d. 30 grains of solution of ammonia, sp. gr. 0'980; 3d. 1000 grains 
of alcohol, sp. gr. 0*850 : this mixture is left at rest to become clear, it is then 
decanted, and a mixture of equal parts of alcohol and of oil of cassia is 
added, in the proportion of 1 part of this essence of cassia to 15 parts of the 
solution of silver : this mixture is shaken and left to settle for some hours, 
and then filtered : just before applying it to the glass to be silvered, it is 
mixed with 1-1 8th of its bulk of essence of cloves, composed of 1 part of oil 
of cloves and 3 of alcohol. The glass to be silvered is first thoroughly 
cleansed, then covered with the silvering solution and warmed to about 100^, 
at which temperature it is kept for two or three hours: the liquid is then 
decanted and may be used for other glasses. The deposit of silver is then 
washed, dried, and varnished. 

Nitrate of silver is employed for writing upon linen, under the name of 
indelihle or marking ink : and it is an ingredient, with gallic acid, in some 
of the liquids sold for the purpose of changing the color of hair : the black 
stain of any of these preparations of silver may be removed by cyanide of 
potassium. When taken internally, a discoloration of the rete mucosiim often 
ensues, so that the whole surface of the body, and especially the parts 
exposed to light, acquire a leaden-gray color. 

Solution of the nitrate of silver is a valuable test of the presence of 
chlorine, hydrochloric acid, and the soluble chlorides, with which it forms a 
white cloud when very dilute, but a flaky precipitate when more concentrated ; 
the precipitate is soluble in ammonia, but insoluble in nitric acid. Heat, 
agitation, or the addition of a few drops of nitric acid, so as to render the 
liquid acid, facilitates the deposition of the precipitate. The hydriodic, 
hydrobromic, and hydrocyanic acids also occasion in a solution of nitrate of 
silver, precipitates which become slightly darkened by exposure to light. 

Ammonio-Nitrate oe Silver. — Ammonia is rapidly absorbed by nitrate 
of silver, with the production of heat sufficient to fuse the compound, which 
consists of 100 parts of the nitrate, and 29*5 parts of ammonia. An ammo- 
nio-nitrate of silver is also obtained when ammonia is added to a solution of 
nitrate of silver until the first-formed precipitate is redissolved. This solu- 
tion when colored with a little Indian ink forms a good marking ink, but the 
stains of all these compounds may be removed by cyanide of potassium : 
or by steeping the linen in chlorine water until the stain is whitened, and 
then applying ammonia or a solution of hyposulphite of soda to dissolve and 
wash out the chloride. 

Sulphide of Silver (AgS). — Silver readily combines with sulphur, and 
produces a gray crystallizable compound, more fusible and softer than silver. 
It may be obtained by heating finely-divided silver, or plates of silver, with 
sulphur. Its density is about 1. Sulphuretted hydrogen and hydrosulphate 
of ammonia occasion a copious black precipitate of sulphide of silver when 
added to solutions of the metal : sometimes a portion of the silver is at the 
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same time reduced to the metallic state. It is the presence of sulphur in the 
atmosphere (generally sulphuretted hydrogen) which occasions the tarnish 
upon silver, and which is a great obstacle to many applications that might 
otherwise be made of this beautiful metal. 

Native Sulphide of Silver, or vitreous silver, is found massive and crystal- 
lized. It is soft and sectile. A triple combination of silver, antimony, and 
sulphur, = '2>{A^^)^h^^, constitutes the red or ruby silver-ore; it is some- 
times accompanied by the brittle sulphide, or silver glance, and by antimonial 
silver (Ag^Sb). 

Hyposulphite op Silver (AgOjS^OQjSHO) is formed by dropping a weak 
solution of nitrate of silver into a solution of hyposulphite of soda : a white 
cloud is produced, which redissolves on agitation ; on adding more of the 
precipitant, the cloud reappears and aggregates into a gray precipitate of 
hyposulphite of silver. When the nitrate is in excess, the precipitate 
rapidly changes from gray to yellow, brown, and black, being ultimately 
converted into sulphide of silver. Hyposulphite of silver is also produced 
when chloride of silver is dissolved in any of the hyposulphites ; the solution 
has a sweetish taste. This solubility of argentine compounds in alkaline 
hyposulphites, has led to the important application of them to the photo- 
graphic art. {See Photography, p. 416.) Hyposulphite of silver is very 
prone to decomposition, especially on boiling, being resolved into sulphate 
of oxide of silver, and sulphide of silver. 

Double salts of the hyposulphites of ammonia, potassa, and soda, with 
silver, have been formed. . 

Sulphite of Silver (AgOjSO^) is obtained in white cryvStalline grains 
by adding an alkaline sulphite to a solution of silver. It produces double 
salts with the sulphites of the alkalies. 

Sulphate op Silver (AgOjSOg) is deposited when sulphate of soda is 
mixed with nitrate of silver. It is also produced by boiling silver with its 
weight of sulphuric acid. It forms a white salt soluble in about 90 parts 
of water at 60° ; in boiling water it is more soluble, and is deposited, as the 
solution cools, in small anhydrous crystals: it dissolves in sulphuric acid, 
but on moderate dilution, the greater part of the salt again falls down. 
By leaving a strong sulphuric solution of silver in a dark place, it gradually 
absorbs water, and octahedral crystals of the sulphate are deposited. Upon 
the large scale, small portions of gold are separated from large quantities 
of silver, by heating the finely granulated alloy in sulphuric acid : the gold 
remains in the form of a black powder, and the sulphate of silver may be 
decomposed by the action of metallic copper, which precipitates metallic 
silver, and forms sulphate of copper. Sulphate of silver absorbs ammonia, 
and by saturating a strong and warm solution of ammonia with sulphate of 
silver, prismatic crystals=2(NH3),AgO,S03, are obtained. 

Phosphate op Silver 3(AgO)P05. — When a solution of common phos- 
phate of soda, 2(NaO)HO,P05, is added to nitrate of silver, a yellow anhy- 
drous tribasic phosphate of silver falls, and free nitric acid is found in the 
supernatant liquor: 3(AgO,N05) + 2(NaO)HO,P05==3AgOPO,+ 2(NaO, 
N05)+H0,N0J. If the solution of nitrate of silver is precipitated by 
anhydrous tribasic phosphate of soda, 3(NaO)P05, the supernatant solution 
remains neutral. This phosphate of silver fuses at a red heat. It is soluble 
in nitric, phosphoric, and acetic acids, as well as in ammonia and carbonate 
of ammonia. 

Pyrophosphate of Silver, 2(AgO)P05, is the white precipitate thrown 
down from nitrate of silver by pyrophosphate of soda : in this case the super- 
natant liquid remains neutral [2(AgO,N05) + 2(NaO)P05=2(AgO)P03+ 
2(]SraO,N03]. 
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Metaphosphate op Silver (A^O^PO^) is a white gelatinous precipitate, 
thrown down by a solution of nitrate of silver by metaphosphate of soda ; 
boiling water resolves it into an acid and a basic salt. 

Carbonate op Silver (AgOjCOJ is precipitated in the form of a pale 
yellow powder, by adding carbonate of potassa to nitrate of silver. It 
blackens by exposure to light, and is easily decomposed by heat. Moist 
oxide of silver absorbs carbonic acid from the air. 

Cyanide op Silver (AgCy). — Hydrocyanic acid, or solution of cyanide 
of potassium, causes a white precipitate in solution of nitrate of silver, which 
is cyanide of silver ^ and which, when heated, fuses, and, at a high temperature, 
gives out cyanogen. It is insoluble in water and in fixed alkalies, but solu- 
ble in ammonia. It is decomposed by hydrochloric acid, and by sulphuretted 
hydrogen; nitric acid scarcely acts upon it, unless concentrated and heated. 
Sulphuric acid, diluted with its volume of water, decomposes it when boiling, 
with*?the escape of hydrocyanic acid and the formation of sulphate of silver: 
in this way cyanide may be separated from chloride of silver. It dissolves 
in a strong solution of nitrate of silver, and forms a compound which is 
decomposed by water. It is soluble in the alkaline chlorides, in hyposul- 
phite of soda, and in cyanide of potassium. Argento-cyanides. Cyanides 
of the alkaline bases form soluble double salts with cyanide of silver : they 
are insoluble in alcohol, which throws them down from their aqueous solu- 
tions. The argento-cyariide of potassium (KOy,AgCy) yields plumose color- 
less crystals: it produces precipitates in many of the metallic solutions, 
which are insolMe argento- cyanides, A solution of oxide or chloride of 
silver in cyanide of potassium, forms a useful liquid for silvering metals by 
immersion, especially when aided by electricity. It is thus employed in 
electr -plating : 1 part of cyanide of potassium may be dissolved in 10 parts 
of water, and 50 or 60 grains of oxide or chloride of silver dissolved in 
each pint: the oxide and chloride should be in a moist state. 

Cyanate op Silver (AgO,CyO). — This monobasic salt falls in the form 
of a white powder when cyanate of potassa is added to nitrate of silver. 

Fulminate op Silver; Fulminating Silver, 2(AgO)Cy202. — This dan- 
gerous compound is prepared as follows: 100 grains of fused and finely-pow- 
dered nitrate of silver are added to an ounce of warm alcohol in a large 
basin ; an ounce of nitric acid is then added, and presently effervescence 
ensues and a powder falls: as soon as this appears white, cold water is added, 
and the powder collected upon a filter, washed, and carefully dried at a 
temperature of 100*^. In collecting and handling this powder the utmost 
caution is requisite ; it should be made in small quantities only, and not 
touched with anything hard, for it has exploded upon the contact of a glass 
rod under water. The feather of a common quill serves to collect it; and it 
should be kept either under water, or if dry, in a wide-mouthed vessel 
covered by paper, and not in a stoppered or corked phial. Fulminating 
silver is a gray crystalline powder; it acquires a dingy hue by exposure to 
light ; it dissolves in from 80 to 40 parts of boiling water, and as the solu- 
tion cools, nearly the whole is again deposited in minute crystals. It deto- 
nates with great violence when heated, or when touched by any hard sub- 
stance ; placed upon a piece of rock-crystal and touched in the slightest 
manner by another crystal, it explodes violently; it also detonates upon the 
contact of sulphuric acid, and by the electric spark. In the formation of 
fulminic acid, a portion of the alcohol is oxidized so as to form aldehyde, 
and formic and oxalic acids : this is effected at the expense of the oxygen 
of the nitric acid, which passes into hyponitrous acid, and this, reacting 
upon another portion of the alcohol, forms hyponitrous ether, fulminic acid^ 
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and water; 1 atom of hyponitrous ether and 1 of hyponitrous acid containing 
the elements of 1 atom of fulminic acid and 5 of water. 

Hyponitrous Ether + Hyponitrous Acid = Fulminic Acid + Water 



C4H50,N03 NO3 C4N2O2 5H0 

When fulminating silver (2(AgO)Cy302) is digested in a solution of 
potassa, half the oxide of silver is precipitated, and on filtering and 
evaporating the solution, a crystallizable salt is obtained=AgO,KO,Cy303. 
It is dangerously explosive. In this salt one atom of oxide of silver is 
replaced by one atom of potassa. Corresponding compounds may be ob- 
tained with other basic oxides. 

Cyanurate of Silver. — If nitrate of silver is added to cyanurate of 
potassa, a white precipitate is obtained, which consists of 1 atom of cyanuric 
acid combined with 2 of oxide of silver and 1 of water : 2( AgO)HO,Cy303. 
This salt, heated in the dry state, evolves hydrated cyanic acid. If a solution 
of silver be added to a boiling solution of cyanurate of ammonia, containing 
ammonia in excess, the cyanurate with 3 atoms of oxide of silver, is formed : 
3(AgO)Cy303. 

Arsenite of Silver, 2(AgO)As03, is precipitated in the form of a pale 
yellow powder, soon becoming deeper yellow, gray, and brown, by the 
addition of arsenite of potassa, to nitrate of silver. Arsenious acid only 
produces a white cloud in solution of nitrate of silver, but the yellow 
arsenite falls on the subsequent addition of a small quantity of alkali. This 
salt retains its yellow color when carefully dried, but becomes brown on 
exposure to light. 

Arsenate of Silver, 3(AgO)As05, is thrown down from nitrate of 
silver by arsenic acid, and by the soluble arseniates, of a reddish-brown 
color. It is insoluble in water, but soluble in aqueous ammonia ; it 
dissolves in nitric acid, and in acetic acid. 

Ghromate of Silver, AgO,CrOg, is precipitated of a crimson color by 
mixing solutions of chromate of potassa and nitrate of silver. It soon 
loses its brilliant tint and becomes brown. 

Bichromate of Silver, AgO,2Cr03 is precipitated by adding bichromate 
of potassa to an acid solution of nitrate of silver. When boiled in water it 
is resolved into dark green neutral chromate, and an acid solution, which, on 
cooling, again deposits crystals of bichromate. 

Alloys of Silver.— The compounds of silver with potassium^ sodium, 
and other light metals, have not been examined. When silver and steel are 
fused together, an alloy is formed, which appears perfect while in fusion, but 
globules of silver exude from it on cooling, which shows the weak attraction 
of the metals. At a very high temperature, the greater part of the silver 
evaporates, but a portion equal to about 1 in 500 remains, forming an alloy 
known as silver-steel, and said to be well adapted to the formation of cutting 
instruments, but subject to rust from galvanic action. Silver readily com- 
bines with zinc, producing a brittle bluish-white granular alloy. With tin 
silver forms a white, hard, brittle alloy. The alloy with copper constitutes 
plate and coin. By the addition of a small proportion of copper to silver, 
the metal is rendered harder and more sonorous, while its color is scarcely 
impaired. When the two metals are in equal weights the compound is 
white : the maximum of hardness is obtained when the copper amounts to 
one-fifth of the silver. The standard silver of this country is composed of 
92*5 silver+T'S copper ; that of France, of 90 silver+10 copper; and in 
that of Prussia, the alloys amount to 25 per cent. The specific gravity of 
British standard silver is 10'3. The silver coins of the ancients, and many 
30 
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Oriental silver coins, are nearly pure; they only contain traces of copper 
and of gold. When silver alloyed by copper, such as standard silver, is 
exposed to a red heat in the air, it becomes black from the formation of a 
superficial film of oxide of copper; this may be removed by immersion in hot 
diluted sulphuric acid, and a film of pure silver then remains, of a beautiful 
whiteness : this is called blanched, dead, or frosted silver. The blanks for 
coin are treated in this way before they are struck, whence the whiteness of 
new coin, and the darker appearance of the projecting portions occasioned 
by wear, in consequence of the alloy showing itself beneath the pure surface ; 
articles of plate are often deadened, matted^ or frosted by boiling in bisiil- 
phate of potassa {sal enixum), which acts in the same way as dilute 
sulphuric acid. Lead and silver form a very brittle dull-colored alloy, from 
which the lead is easily separated by cupellation. When fused lead con- 
taining silver is suffered to cool slowly, the lead, which first concretes, forms 
granular crystals, and is nearly pure, while almost the whole of silver is 
contained in the liquid portion ; in this way the separation of the two metals 
may to a certain extent be effected, especially upon the large scale (p. 26). 
Antimony forms a brittle white alloy. With Bismuth, the alloy is brittle 
and lamellar. When silver and arsenic are fused together, an alloy is formed, 
which, is gray, brittle, and granular. Silver amalgamates easily with 
mercury: when red-hot silver is thrown into heated mercury it dissolves, and 
when 8 parts of mercury and 1 of silver are thus combined, a granular 
crystalline soft amalgam is obtained. When a solution of this amalgam in 
liquid mercury is squeezed through chamois leather, the excess of mercury, 
retaining only a trace of silver, goes through, and the solid amalgam is left 
behind. Amalgam of silver is sometimes employed for plating ; it is applied 
to the surface of copper, and the mercury being evaporated by heat, the 
remaining silver is burnished. The better kind of plating, however, is per- 
formed by the application of a plate of silver to the surface of the copper, 
which is afterwards extended by rolling. A mixture of chloride of silver, 
chalk, and pearlash, is employed for silvering brass : the metal is rendered 
very clean, and the above mixture, moistened with water, rubbed upon its 
surface. Plating by metallic precipitation from ammonio-chloride of silver 
is also frequently resorted to, but electro-plating with cyanide of silver, now 
supersedes the other methods. 

Assay of Silver.-— The analysis of alloyed silver is in continual practice 
by refiners and assayers. It may be performed in the humid way by dis- 
solving the alloy in nitric acid, precipitating with hydrochloric acid or chlo- 
ride of sodium, and either reducing the chloride, or estimating the quantity 
of silver which it contains; every 100 parts of the carefully dried chloride 
indicating 15-33 of silver. 

But a modification of this method is now generally resorted to, especially 
applicable in cases where the quality of the alloy is approximately known : 
it depends upon the precipitation of the silver by a standard solution of com.- 
mon salt, each 1000 grains of which contain a sufficient quantity of salt to 
precipitate 10 grains of silver ; so that, supposing the silver and the salt to 
be pure, 10 grains of silver dissolved in nitric acid, would be entirely pre- 
cipitated by 1000 grains of the standard solution. To effect this, each 1000 
grains of the standard solution must contain 5*55 grains of pure chloride of 
sodium ; this is equivalent to 388 grains in each gallon of such solution ; but 
as commercial salt is not absolutely pure, the exact strength of the standard 
solution must be experimentally adjusted by dissolving 10 grains of perfectly 
pure silver in nitric acid, precipitating it by 1000 grains of the solution, and 
adding either salt or water, as may be required. Having thus prepared this 
standard solution of salt, 1000 grains of it are put into a convenient counter- 



OUPELLATION. TESTS FOR THE SALTS OF SILVER. 467 

poised burette, or dropping-bottle ; 10 grains of the sample of silver to be 
assayed are then placed in a stoppered bottle capable of holding about 6 
ounces of water, and dissolved in about 2 drachms of nitric acid of sp. gr. 
1-25. Such portion of the solution of salt is then added as will be required 
to throw down nearly the whole of the silver ; the bottle is then well shaken 
for about a minute, and the precipitated chloride allowed to subside. When 
the liquor above it has become clear, a drop or two more of the standard 
solution is added, and if it occasions any precipitate, the bottle is again 
shaken, and, when clear, more of the standard solution is very cautiously 
added, as long as it occasions any turbidity. When no cloud is produced, 
the weight of the standard solution which has been added is ascertained by 
re-weighing the burette, and the number of grains so employed indicates the 
quantity of pure silver in the sample : if this be of the fineness of English 
standard silver, 925 grains of the standard solution will have been used, in- 
dicating the composition of the alloy, to be 9*25 silver and O'TS copper: if 
the sample be of the French standard, 900 grains of the salt solution will 
have been required, indicating an alloy of 9 silver and 1 copper. This pro- 
cess of humid assaying was introduced into the French Mint by Gay-Lussac, 
who has described it in detail, together with the apparatus required for car- 
rying it out, and the precautions necessary to insure accuracy. A full de- 
scription of this method, by Mulder, will be found in the Chemical JSfews^ 
1861, vol. % pp. 13t— 204. 

Assayers generally determine the value of silver bars by the process of 
eupellation. Of the useful metals, three resist the action of air at high tem- 
peratures—namely, silver, gold, and platinum ; the others, under the same 
circumstances, become oxidized : it might, therefore, be supposed, that alloys 
of the first three metals would suffer decomposition by mere exposure to heat 
and air, and that the oxidizable metal would burn into oxide. This, how- 
ever, is not the case : for if the proportion of the latter be small, it is pro- 
tected by the former ; or, in other cases, a film of infusible oxide coats the 
fused globule, and prevents the further action of the air. These difficulties 
are overcome by adding to the alloy some easily oxidizable metal, the oxide 
of which is /zm 5/6, Lead is usually selected for this purpose. Supposing, 
therefore, that an alloy of stiver and copper is to be assayed, or analyzed by 
cupellatiofi, the following is the mode of proceeding : A clean piece of the 
metal (about 20 grains) is laminated, and accurately weighed. It is then 
wrapped in the requisite quantity of pure sheet-lead, apportioned by weight 
to the quality of the alloy, and placed upon a small cupel, or porous shallow 
crucible, made of bone-earth. The whole is then placed within the muffle, 
heated to bright redness : the metals melt, and, by the action of the air which 
plays over the hot surface, the lead and copper are oxidized, and their fused 
oxides are absorbed by the cupel, and, if the operation has been skilfully 
conducted, a button of pure silver ultimately remains, the completion of the 
process being judged of by the cessation of the oxidation and motion upon 
the surface of the globule, and by the brilliant appearance assumed by the 
silver when the oxidation of its alloy ceases. The button of pure silver is 
then suffered to cool gradually, and its loss of weight will be equivalent to 
the weight of the alloy which has been separated by oxidation, a certain 
allowance being made for a small loss of silver, which always occurs, partly 
by evaporation, and partly by the metal being carried off with the oxides 
which are absorbed by the cupel. To perform this process with accuracy, 
certain precautions are requisite, which can only be learned by practice, so 
as to enable the operator to obtain uniform results. 

Tests for the Salts of Silver. — 1. The soluble salts of silver give with 
hydrochloric acid, and with soluble chlorides, a white curdy precipitate, 
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which is readily soluble in ammonia and in hyposulphite of soda, but insolu- 
ble in nitric acid : it darkens by exposure to light. 2. With the fixed 
alkalies brown precipitates are produced, insoluble in the excess of the 
alkali. 3. With ammonia the precipitate is also brown, but readily redis- 
solves in an excess of the precipitant. 4. With sulphuretted hydrogen and 
hydrosulphate of ammonia, the precipitate is black and insoluble. 5. Proto- 
sulphate of iron throws down metallic silver. 6. A yellow precipitate with 
common phosphate of soda, and with arsenite of potassa, a brick-red precipi- 
tate with arsenate of potassa, a crimson with chromate of potassa, and a 
white with ferrocyanide of potassium, are further characteristics. The silver 
salts insoluble in water are mostly soluble in ammonia, and in nitric acid. 
These salts, excepting those containing colored acids, are either white or of 
a pale yellow color, provided they have not been exposed to light, to sulphur- 
etted hydrogen, or deoxidizing agents. Many of the metals, especially 
copper, tin, and lead, separate metallic silver when immersed in its solutions. 
Before the blowpipe the silver salts are easily reduced, especially when 
mixed with carbonate of soda. 



CHAPTER XXXIX. 

PHOTOGRAPHY AND ITS APPLICATIONS. 
The Chemistry op Light. 

The art of photography is based on the chemical changes which the salts 
of silver undergo, when exposed to light. Silver is not the only metal which 
is affected by light. Solutions of gold in contact with organic matter, yield 
metallic gold of a deep purple color. The compounds of mercury, chromium, 
uranium, iron, and molybdenum, are either reduced to a lower state of oxi- 
dation by light, or, as in the black oxide of mercury, the metal is set free. 
But there are no metallic salts which are so favorable for the practice of 
photography as those of silver ; hence they are almost exclusively employed 
for this purpose. 

In some cases, a pure binary compound of the metal, Agl, or AgBr, is 
nsed on a surface of metallic silver, as in the daguerreotype process : in others, 
a binary salt, obtained by double decomposition, associated with pyroxyline, 
is selected, as in the collodion process. The silver-compound used with dry 
collodion, is the same as that of the daguerreotype, namely, Agl, or AgBr, 
and is frequently a compound pf the two; while with the wet collodion, there 
are not only these two salts, but free nitrate of silver. In the ordinary 
paper process, the chloride of silver (AgCl) is employed; but there is asso- 
ciated with this, free nitrate of silver; and when the surface of the paper is 
albuminized, an organic compound of albuminate of silver. 

All the salts of silver are more or less affected by light. In some instances 
they undergo a visible change, being rendered dark in proportion to the 
intensity of the light and the length of exposure. This is well seen in the 
white chloride of silver when in a humid state ; and in the nitrate and am- 
monio-nitrate in contact with organic matter. It is less apparent in the 
sulphocyanide, the hyponitrite, and pyrophosphate of silver, and is scarcely 
visible in the cyanide, even after long exposure. The iodide and bromide 
of silver do not darken by exposure to light, but they undergo instantane- 
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ously a remarkable molecular change, which renders them especially adapted 
for photography. 

The conditions necessary for these changes are light, and moisture. When 
the salt of silver is in contact with albumen or gelatine, the reduction is not 
only accelerated, but it takes place with greater uniformity and depth. A 
decomposable salt of silver in contact with organic matter, will spontaneously 
change in the dark in a humid atmosphere ; and thus it is well known that 
paper employed in photography, when once sensitized, or impregnated with 
a silver solution, cannot be preserved unless certain precautions are taken. 
The albuminate and chloride of the metal, formed upon the surface of the 
paper in the act of sensitizing it, are decomposed, and the paper is slowly 
darkened. The effect of a dry atmosphere in preserving the salts of silver 
from change has been elsewhere described (p. 41). As pure chloride of 
silver undergoes no change of color when exposed to light in an atmosphere 
artificially dried by chloride of calcium, the presence of water or moisture 
appears to be necessary to the change ; but the presence of organic matter 
is not absolutely necessary. In contact with water alone, the chloride 
changes from a snow-white to a pink, violet, brown, and finally a dark 
bronze-black color ; and during this conversion, hydrochloric acid is pro- 
duced. Hence the chemical change may be thus represented : AgCl + HO 
=Ag4-HGl4-0. According to Mitscherlich, the precipitated chloride, 
well dried, inclosed in a tube, and exposed to light, is decomposed, and 
chlorine only liberated : AgCl=Ag+Cl. The darkening of a layer of the 
precipitated chloride is superficial; if the surface be removed, the chloride 
beneath will be found quite white. When the chloride is precipitated on 
paper for photographic purposes, the change, after long exposure, extends 
more or less into the substance of the paper. If ammonia is poured upon 
the precipitated chloride which has been exposed to light, that portion 
which has not undergone the change, is dissolved, while the dark sub- 
stance (z.e., the reduced silver) remains undissolved. If a strong solution 
of chlorine is added to the darkened chloride, it is again rendered white, 
by reason of the metallic silver recombining with this element ; and the 
white chloride, when covered with a solution of chlorine, does not readily 
undergo the change. A solution of common salt or hydrochloric acid 
in excess, also retards the change ; but when the solution of nitrate of 
silver is in excess, it takes place with very great rapidity. We have pre- 
served paper prepared with chloride of silver, but containing an excess of 
chloride of sodium, for a period of twenty- two years. Under strong solar 
light it retained after this long interval, sufficient unchanged chloride, to 
yield an impression from a collodion negative. 

Nitrate of silver undergoes no change by exposure to light, except when 
in contact with organic matter : the nitric acid and oxygen are then liberated, 
and the silver is reduced; AgO,N05=Ag+0 + N05. The oxygen is pro- 
bably taken by the hydrogen and carbon of the organic matter. The in- 
soluble chloride, iodide, and bromide of silver are not so readily decomposed, 
when in contact with organic matter in the dark, as the soluble nitrate, or 
the ammonio-nitrate of silver. If mixed with the nitrate, however, they 
rapidly undergo a change ; hence, for the perfect preservation of plates or 
paper covered with iodide of silver, it is necessary that every trace of the 
nitrate of silver should be removed. On this principle is founded the dry- 
plate process in photography. The dry and pure iodide of silver, free from 
nitrate, will receive an impression on exposure, just as certainly, although 
not so rapidly, as the wet iodide mixed with nitrate. Among the facts which 
prove that the chloride and nitrate of silver, are reduced by light to the 
metallic state, are the following : 1. The substance which has been darkened 
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by light is insoluble in ammonia and the alkaline hyposulphites ; while that 
portion of the salt of silver which has not undergone the change, is readily 
dissolved by these reagents. 2. When the reduction of the chloride or 
nitrate has taken place on paper, the surface has been found to conduct 
electricity. 3. When paper which has thus been darkened by light is intro- 
duced into a weak solution of chloride of gold, rendered slightly alkaline, 
metallic gold is slowly deposited of a dark purple color, in place of the re- 
duced silver; an effect similar to that produced by metallic silver when im- 
mersed in a solution of gold. The well-known process of toning photo- 
graphs, depends on this property of chemically replacing silver by gold : 
and there is but little doubt that the impressions are thus rendered much 
more durable. It is an ascertained fact, that this replacement, or substitu- 
tion, does not occur except in those portions of a drawing, in which the 
silver has been completely metallized, or reduced by light. 

There is another circumstance connected with this metallization of silver, 
under the influence of light, which is deserving of notice. When all other 
conditions are favorable, the rays of the spectrum affect the salts of silver 
unequally. If paper, containing the albuminate and chloride of silver, is 
covered with plates of glass variously colored, and is then exposed for an 
equal time to light, it will be found that under some of the dark-colored 
plates the change has been nearly as great, as if colorless glass had been 
employed, while Under the lighter-colored plates, it has been retarded. Ex- 
periments of this nature have clearly proved that the dark or more refran- 
gible rays of light, violet, indigo, and blue, allow the chemical changes to 
take place rapidly ; while the less refrangible rays, red, orange, and yellow, 
retard them. Of all the colors, the blue produces, within a given time, the 
greatest, and the red, the least amount of chemical action. Thus the sen- 
sitized paper is intensely blackened under blue glass, while it remains nearly 
white under red glass. In no instance, however, are the chemical rays com- 
pletely intercepted ; for a long exposure will slowly lead to a change of color 
in the paper. The chemical action of light is therefore determined by the 
difference between the accelerating and retarding rays, of which white light 
is constituted. Colorless light, however, produces, cceteris paribus^ a more 
rapid and complete change than the isolated blue rays of a colored medium. 

From these facts it will be perceived that the two ends of the solar spec- 
trum, do not neutralize each other in reference to this force ; for the actinic 
or chemical rays predominate, and are found to operate sooner or later 
through every color. Nothing but the absolute withdrawal of light will en- 
tirely arrest the chemical changes. Hence the salts of silver may be em- 
ployed for photometric observations. They serve to measure, not only the 
relative intensity of light, but by the changes induced on sensitized paper, 
they are made available for numerous important purposes in science and the 
arts. We have thus seen this art successfully applied to the tliurnal registra- 
tion of the amount of rain-fall ; the electrical tension of the atmosphere, and 
the force and direction of the wind. It has also furnished important evidence 
in Courts of law, and has been usefully employed to illustrate various sub- 
jects in medicine, natural history, arch83ology, ethnology, and astronomy. 

Other conditions connected with these phenomena are worthy of notice. 
The chemical changes produced in the salts of silver are not in proportion 
to the illuminating power of the rays of the spectrum. The greatest amount 
of light is in the yellow rays, and the least amount in the blue and violet ; 
but the latter possess the chemical power in its greatest intensity. The 
salts of silver, it is well known, are decomposable by heat : but in reference 
to these changes, it is found that the calorific rays (red) have the least influ- 
ence in producing them. Hence, this photochemical force is not in propor- 
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tion to the light or heat of the solar rays, but to other rays which are called 
actinic ; and the force itself is therefore called actinism. In reference to the 
spectrum, it is at its maximum when the violet and blue rays predominate, 
and at its minimum when the yellow and red rays are most abundant. Hence, 
if red or yellow rays abound, as in a glowing sunset, or occasionally in a foggy 
state of the atmosphere, however clear an image may appear to the eye, the 
actinic power is lost, and an impression cannot be taken. 

The salts of silver differ from each other in respect to the changes pro- 
duced by colored light : thus while the maximum effect on the chloride paper 
is in the blue rays, that produced on the iodized paper is in the extreme 
violet, while the bromized paper is. affected more or less throughout the 
whole spectrum, even in the yellow and red rays. These remarkable effects 
produced by the colored rays of the spectrum, have not received any expla- 
nation on the undulatory theory of light : and it seems difficult to understand 
how an undulation, or any mechanical vibration, producing a violet color, 
should break up the chemical composition of chloride of silver, while that which 
produces a yellow or red ray, should have little or no effect upon this salt. 
The colored rays of the spectrum are represented on prepared paper by 
degrees of darkness, or a blackening of the exposed portions, and not by 
the reproduction of color. It has been hitherto found impossible to procure 
and fix, by the chemical agency of light, the colors of external objects. We 
have in one instance seen the iridescent colors of the opal transferred to a 
surface of silver, by the daguerreotype ; but they entirely disappeared on 
the preservation of the impression. Further, the unequal action of white 
light as it is reflected from white surfaces, as well as from shadows and 
shades of various degrees, is so great, that it is difficult, if not impossible, 
to attain the even gradation of tone which gives harmony to all natural 
objects. White light acts with such disproportionate rapidity, and the light 
of shadows so slowly, that the most finished impressions of objects are 
generally left with extremes of light and shade. While the lights are un- 
naturally intense, the shadows are generally black, without that gradation 
which in nature serves to reveal the most minute details. To a certain 
extent, this defect is, however, remediable by art. 

With a knowledge of the principles above described, a chemist may pro- 
duce, and render permanent, images which have been impressed by light on 
a salt of silver. He may select a medium of metallic silver, glass, or paper, 
and he may produce the image on the prepared surface, either by refraction 
with a camera obscura, or by superposition and simple exposure to diffused 
light. In either case he may obtain, directly or indirectly, an image in 
metallic silver, in those parts in which the metal has been reduced ; while 
the undecomposed salt of silver remains in those spots, in which there has 
been a deficiency or entire absence of light. A solvent is selected for the 
removal of the unchanged salt, and the drawing is thus preserved. 

The fact that images of objects might be impressed by light on paper, im- 
pregnated either with the chloride or nitrate of silver, had been proved 
experimentally by Davy and Wedgwood in 1802; but they could discover 
no method of fixing or preserving them. It was not until 1816, that the 
solvent properties of the alkaline hyposulphites on the salts of silver, were 
first made known ; but so slow was the progress of this subject, that even in 
1839, Mr. Fox Talbot, in announcing his discovery, could suggest no better 
means for the preservation of his drawings, than the use of strong solutions 
of alkaline chlorides, iodides, and bromides, which were soon proved to be 
quite inefficient. 

1. Daguerreotype. Photography on Silver. — This branch of the art has 
received its name from the discoverer, Daguerre, who first announced his 
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process in the year 1839. This may be regarded, in a chemical point of 
view, as photography 1n its most simple form. A highly polished plate of 
silver is exposed to the diluted vapor of iodine, in a dark box. A colored 
film of iodide of, silver (Agl) is thus produced by direct combination, and 
this, at a certain stage, is found to possess a high degree of sensitiveness to 
light. The use of bromine in addition to iodine was suggested by Mr. 
Goddard in 1840. A compound film of bromoiodide of silver was thus 
produced ; and this is found to give more satisfactory results than the iodide 
alone. The plate is then transferred from the dark room to a camera, and 
in from five to ten seconds it is removed. In this stage nothing is visible 
on the plate. The film has the same bronze-yellow color, as when it was 
placed in the camera ; but a molecular change may be proved to have taken 
place. When the plate is exposed in a box, at a moderate temperature, to 
the vapor of mercury, an image will immediately appear, the metallic vapor 
fixing itself closely (by amalgamation) only on those parts which have re- 
ceived the luminous impression, the mercury lying loosely on the other por- 
tions without entering into chemical combination. When a strong solution 
of an alkaline hyposulphite is poured over the plate, the image appears in 
full relief, with a contrast of light and shade, and with the most delicate 
details. The portions of bromoiodide of silver not acted on by light, are 
dissolved by an alkaline hyposulphite; and the highly polished silver beneath, 
forms the deep shades, which give blackness to the picture. The mercury 
imparts a dull white appearance to those parts of the metal with which it is 
chemically combined or amalgamated, and thus constitutes the lights. 

The action of light on the bromo-iodide of silver, probably consists in 
displacing the bromine and iodine, wholly or in part, and thus leaving a 
metallic surface favorable for combination with the vapor of mercury : 
(Ag,Br=Ag + Br). Mercury does not combine with the salts of silver: 
hence, the film of undecomposed bromo-iodide in those parts which were not 
exposed to light, is sufficient to prevent any direct union between the 
mercury and the silver beneath. After the undecomposed salt of silver has 
been removed by the alkaline hyposulphite, the plate simply requires wash- 
ing. A film of gold may be then spread over it by heating upon its surface 
a layer of a very diluted solution of chloride of gold in hyposulphite of soda ; 
and another washing completes the operation. 

Owing to the highly polished surface of the metaH the daguerreotype is 
admirably adapted to bring out the minutest details of objects. In 1846 we 
obtained by this process a copy of the 10,000 letters of the Greek inscription 
on the Rosetta stone of the British Museum, within the space of two square 
inches. The drawing is still preserved, and the Greek letters are easily 
legible by the aid of a lens. The process, however, has these disadvantages: 
the film is so thin that the polish of the silver prevents the image from being 
clearly seen in all lights ; and, as with all silver-surfaces, the plate is.43xposed 
to tarnishing by sulphuration. These drawings therefore can o'liily be pre- 
served by completely preventing the access of air. 

2. The Collodion Process. Photography on Glass. -^HhQ application 
of pyroxyline, or gun-cotton, to the purposes of photography, was discovered 
by Mr. Archer, in 1850. It is used either in the wet or dry state ; and as 
it is employed on glass, it may be applied either for the production of posi- 
tive images, with the light and shade correct ; or of negative images, in 
which the light and shade are reversed. Positive impressions on paper may 
be procured from the latter. Collodion is a solution of pyroxyline in a 
mixture of ether and alcohol. {See Pyroxyline.) There are several com- 
pounds known under the name of gun-cotton, but one of these only appears 
to be well fitted for photographic purposes (p. 160). It is what is called a 
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substitution-compound, in which, assuming cotton to be C^JBL^o^^q, four 
equivalents of nitrous acid are substituted for four of hydrogen, thus bringing 
the formula of photographic cotton to C34[H^g4(N04)]Oao. The proportion 
of cotton to the mixed solvents, varies according to circumstances. From 5 
to six grains of cotton may be used to an ounce of a solvent consisting by 
measure of one part of alcohol (sp. gr. 0-830) and two parts of ether (sp. 
gr. 0-124), the latter being diminished, and the former increased, in hot 
weather. When the collodion is required for use, it is necessary to add to it 
an alcoholic solution of an iodide, either of potassium, cadmium, or ammo- 
nium, or a mixture of these. The proportion of iodide required, is from 4 to 
6 grains to each ounce of collodion. Pure iodide of potassium, free from 
iodate (see page 299), is commonly selected for immediate use; and the 
iodide of cadmium when the liquid is required to be preserved. A mixture 
of equal parts of the two, ^. e. 2^ grains of each iodide, dissolved in 2 
drachms of alcohol, will be found convenient. This quantity may be added 
to 6 drachms of the prepared collodion. A mixture of the iodides of 
potassium, ammonium, and cadmium is frequently employed with advantage ; 
and an addition of the bromide of either metal to the iodide, renders the 
film more sensitive to the less refrangible rays of light (yellow and red) 
(page 4:11.) In using a bromide, the proportion should not exceed 1 to 3 
or four parts of the iodide. Reynaud advises for each ounce of collodion 
5*3 grains of iodide to 1*5 grains of bromide, as producing the most sensi- 
tive film. The bromides of ammonium and cadmium are, according to him, 
preferable for this purpose. 

When collodion thus prepared, has been rendered perfectly clear by sub- 
sidence, it is poured rapidly from a wide-mouthed vessel over a freshly 
cleaned and dry surface of plate-glass; and as soon as it is set into a 
coherent layer, the glass is plunged into a bath containing a solution of 
nitrate of silver, in a darkened room. 

This bath is prepared by dissolving 480 grains of neutral crystallized 
nitrate of silver in 2 ounces of water, and adding to the solution 4 grains of 
iodide of cadmium or potassium, dissolved in a small quantity of water. 
Iodide of silver is thus formed, and dissolved by the concentrated nitrate. 
The solution may be then made up to twelve fluid ounces, by the addition of 
distilled water. After standing some hours, it should be filtered to separate 
the precipitated iodide of silver. The solution when filtered, should neither 
be alkaline nor neutral. If acid, a little oxide of silver may be used to 
correct this ; and when corrected, it may be very slightly acidulated, either 
with a few drops of glacial acetic acid, or of strong nitric acid (containing 
liitrous acid) properly diluted. If the bath is neutral, the pictures are not 
clear ; if too* aciid, the sensitiveness of the film is impaired. To avoid a 
V* fogging". bf the impression, it has been lately suggested that a few drops 
of ^n alcoholic solution of iodine, should be added to the bath-liquid, until 
it has acquired an orange-yellow color. (Reynaud). 

The result of the immersion of the plate in this bath for a few minutes, or 
until the oily appearance of the film is removed, is the production in it, of a 
primrose-colored layer of iodide of silver, while nitrate of soda or cadmium 
is dissolved in the bath: (AgO,NO,+KI(CdI)=AgI+KO(CdO)]SrO,). 
If, when taken from the bath, the opaque yellow film is well washed, to 
remove all traces of free nitrate of silver, it may be dried, and the dry plate 
preserved in a sensitive state in a dark box (containing some quick-lime) for 
many weeks, or even months. We have thus obtained impressions on dry 
plates after four or five months' preservation. The absence of moisture and 
the entire withdrawal of light are, however, essential conditions for the 
preservation of the plates. Yarious liquids, such as tannic acid, albumen, 
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and a solution of chloride of sodium, have been employed as varnishes for 
covering and preserving the film, containing the precipitated iodide of silver. 

The plate with the iodide of silver on its surface, may be exposed in the 
camera for a few seconds if wet, and for a longer period if dry. When 
removed, no image is perceptible ; but on pouring over the film of iodide, 
a solution of gallic or pyrogallic acid, or of a protosalt of iron, mixed with 
a few drops of a weak solution of nitrate of silver, the image will appear, 
slowly or rapidly according to the nature and strength of the developer, 
the degree of exposure, and the intensity of light. The developing solu- 
tion, as it is called, may be thus prepared : One grain of pyrogallic acid, 
thirty minims of alcohol (to cause the liquid to flow freely over the surface), 
and thirty minims of glacial acetic acid, or (in place of the acetic) two 
grains of citric acid are dissolved in one ounce of water. If the tempera- 
ture is low, the proportion of pyrogallic acid may be increased to one 
grain and a half, and the citric acid reduced to one grain. The dry plate 
should be breathed upon, or wetted with distilled water, before the devel- 
oping solution is poured over it, in order that the latter may be readily 
diffused over the whole surface. The illuminated portions of the picture 
will appear, under the action of the reducing liquid, more or less black, 
while the shaded portions will retain the yellow color of the iodide. When 
the details of the shaded portions appear, the acid liquid is washed ofi", 
and the development is arrested. The surface of the plate is then well 
washed, and covered with a saturated solution of hyposulphite of soda. 
After a few minutes, it will be found that the yellow iodide of silver, where 
it has not been affected by light, will be dissolved; and only the reduced 
or metallized portions of silver will remain: these appear more or less 
opaque when viewed by transmitted light. The plate now requires the 
most complete washing to remove every trace of hyposulphite of soda, or 
the film of reduced silver will be subsequently cracked and destroyed by 
the crystallization of traces of this salt beneath. 

The changes which take place in the production of the image on the 
iodide of silver, have been variously explained. All agree that the effect 
of the impingement of light, is to produce only a molecular change in the 
compound. There is no perceptible alteration in the film after exposure 
to light. There is no loss of iodine, or the iodide would be darkened like 
the chloride. The film retains its chemical properties, and whether on 
paper or on silver, it is still easily dissolved by the alkaline hyposulphites. 
In reference to the Daguerreotype, a molecular change in the iodide, is 
proved to exist, by the vapor of mercury fixing itself only on those parts 
which have been exposed to light, excluding the iodine and combining 
directly with the metallic silver. In regard to the collodio-iodide, it may 
be inferred from the effect of reducing agents, that the changes consist in 
a deoxidation of the nitrate and a deiodization of the iodide of silver. It 
is a singular fact, that while a molecular change is produced in the iodide 
by the agency of light only, the actual production of the image depends 
on the presence of a small quantity of nitrate of silver, either on the plate 
itself in the wet process, or by an addition of it to the reducing liquid in 
the dry process. 

The effects produced by reducing agents, such as the gallic and pyro- 
gallic acids, on the oxysalts of silver, are somewhat remarkable. Grallie 
acid reduces a solution of the nitrate very slowly at common temperatures : 
pyrogallic acid reduces it instantaneously, throwing down black metallic 
silver by taking the oxygen from the oxide: (AgO,N05+Ci3Hg06=Ag4- 
NOs+^iaHe^d*^)- ^ solution of the sulphate of silver is scarcely changed 
in color by the gallic, and is only slowly decomposed by the pyrogallic acid. 
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When acetic or citric acid is mixed with the pyro gallic, the reducing action 
is retarded, much more by the citric, than^by the acetic acid. It is in order 
to prevent a too rapid decomposition, by which the plate would be speedily 
covered with precipitated silver, and the picture rendered indistinct, that 
one or other of these acids is added to the reducing liquid. Either of them 
has the property of lowering the reducing power of the pyrogallic even 
to that of the gallic acid. On the other hand, the presence of any alkali 
leads to the instantaneous decomposition of a salt of silver. Thus, when 
pyrogallic acid is added to a solution of the ammonia-nitrate of silver, the 
metal is immediately reduced and precipitated. It has been elsewhere stated 
that a solution of pyrogallic acid in potassa has the property of entirely 
removing oxygen from air (p. 141). Neither the gallic nor the pyrogallic 
acid exerts any reducing action on the chloride, bromide, or iodide of silver, 
except in the presence of an excess of nitrate, when both the oxysalt and 
haloid compound are decomposed. The decomposition appears in all cases 
to commence with the nitrate and to extend to the iodide ; but unless the 
iodized film has been exposed to light, it resists the action of pyrogallic 
acid, even in the presence of nitrate of silver. The proportion of nitrate 
in the reducing liquid, is commonly greater than that of the pyrogallic 
acid employed. It is another curious feature of these changes, that when 
once the silver has been reduced as a result of the impression of light, a 
continued reduction of the nitrate of silver by a further employment of this 
salt mixed with pyrogallic acid, does not obscure the image, or produce a 
loose deposit over the whole surface of the plate. The fresh portions of 
silver as they are set free by the pyrogallic acid, fix themselves upon the 
metal already reduced, add to its thickness, and thus increase the intensity 
of the darkened portions. The fact is well illustrated in the process of 
intensifying a negative, in which the reduced metal forms a basis for an 
increased deposit of metallic silver from the nitrate. This depends on the 
well-known principle, that like particles attract each other in preference to 
unlike. The reduced silver coheres to the metallic silver of the film, but 
not to the layer of undecom posed iodide. 

Pyrogallic acidvrapidly deoxidizes strong nitric acid, but it has no action 
on it in the very diluted state in which the latter is here liberated ; and it 
has no tendency to decompose the iodide of silver alone ; but assuming that 
the molecular condition of the iodide has been broken in the parts which 
have received an impression; from light, it is probable that the iodine is 
thereby placed in a state for removal by very slight causes. As the result 
of the application of the reducing agent is the same, whether it is employed 
immediately or after eighteen hours (if the plate has been kept in the dark), it 
is clear that this molecular displacement of the atoms of silver and iodine, is not 
of a temporary kind, or the power of bringing out the image would be speedily 
lost. The iodide on the plate, in the parts affected by light, may be decom- 
posed by the metallic silver which is liberated from the nitrate by pyrogallic 
acid, so that the same compound may be decomposed by light, and reformed 
by the reducing agent. If the compound on the plate after the action of 
light, is represented by Agl^ and the silver liberated from the nitrate by the 
pyrogallic acid be regarded as Ag, then the change would be as in the 
following equation, -4^/, + Ag=Ag/-f J.^. The iodine is removed from the 
iodide, and it must be removed either as iodide of silver (Agl), or (on 
the assumption that water is decomposed) as hydriodic acid (HI), the oxygen 
of an atom of water being taken by another portion of the pyrogallic acid. 
The last view is entirely opposed to the fact that pyrogallic acid with water, 
has no decomposing action on the iodides, whether soluble or insoluble in 
water. A solution of iodide of potassium is not decomposed by pyrogallic 
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acid. A solution of iodine in water does not lose its color by the addition 
of this acid, although it is so changed that starch will no longer render it 
blue. Hence, under the most favorable circumstances, water is not decom- 
posed by pyrogallic acid in the presence of a metallic iodide. 

In place of pyrogallic acid, or the protosulphate of iron, the protonitrate 
of uranium is sometimes employed as a reducing agent. The protosulphate 
of iron passes to the state of persulphate at the expense of the oxide of 
silver. 3(FeO,S03)+AgO,N05=Ag+FeA,3S03+FeO,]Sr03 (p. 468). 
It is employed in the proportion of 14 grains to the ounce of water, acetic 
acid and alcohol being added in the proportions above given. This 
reducing agent produces less dense negatives : the reduced silver assumes a 
white crystalline or frosted state, and the more acid the sulphate from the 
presence of free sulphuric or nitric acid, the stronger is this effect. There is 
another evil attending its use — the silver is frequently reduced to a metallic 
film on the surface of the liquid ; this falls on the collodion-negative, and 
cannot be removed by mere washing. The image is thus obscured. The 
sulphuric may be replaced by the acetic acid, as in adding acetate of lead or 
acetate of baryta to a solution of the protosulphate of iron, and filtering the 
liquid. Nitrate of baryta has been employed for a similar purpose, and in 
this case^ nitric acid is set free. The iron-developer should always be 
strongly acid (with acetic acid) in order to prevent a too rapid reduction of 
the salt of silver. The addition of acetic ether and hyponitrous ether has 
been found to operate effectually in a similar manner.. Like the pyrogallic 
acid, the protosulphate of iron has no action on the iodide of silver unless free 
nitrate is present, and unless the iodide has been exposed to light. It does 
not decompose either the soluble or insoluble iodides, and it does not 
discharge the color of a solution of iodine, or prevent the formation of the 
usual blue compound on the addition of a solution of starch. 

The reduced silver on the plate is insoluble in a solution of hyposulphite 
of soda, but the undecomposed iodide is dissolved by it. It forms a com- 
pound salt with the iodide : its action may be thus represented : Agl4-2 
(NaO,S303)=NalH-]SraO,AgO,2S202. The glass plate thus preserved may, 
according to the degree to which the image has been brought out, be 
employed as a positive^ by placing it on a dark background, in which case 
those portions that are opaque to light, or in which the silver is deposited, 
will reflect light, and furnish the lights of the picture ; while those which 
are transparent, and on which the light did not act, will appear black from 
the nature of the background, and these will represent the shadows of the 
picture. In the Daguerreotype the picture is inverted when finished, while 
in the collodion positive it appears non-inverted. In a further stage of 
development, the image may be so strongly defined that the deposited silver 
will more or less completely intercept the light, producing a negative 
impression, from which a non-inverted image, or positive drawing, may be 
procured on another sensitized surface. In order to protect the film on the 
plate from injury, it is necessary to varnish the collodion side with amber or 
resinous varnish. The former is preferable, as it is not softened by solar 
heat in taking a positive drawing. 

Recent experience has shown that the best method of proceeding for 
bringing out an image, is to employ a solution of protosulphate of iron in 
the first instance, and pyrogallic acid with nitrate of silver, subsequently. 
This produces a strong deposit of silver in the parts reduced by the sulphate. 
All traces of the solution of iron should be previously removed by washing. 
The image may be even thus intensified by pyrogallic acid after the removal 
of the unchanged coUodio-iodide of silver by hyposulphite of soda, care 
being taken that no traces of this salt remain on the glass plate. 
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8. Photography on Paper. — In 1839, Mr. Fox Talbot first published a 
method of procuring images on paper with the salts of silver, and of so pre- 
serving them, that from the negatives, positive drawings (in which the light 
and shade were correct), might be taken by superposition and exposure. 
He used the chloride, iodide, or bromide of silver ; and various saline solu- 
tions as preservatives. He gave to one modification of his process for pro- 
ducing the image the name of Galotype, In this, the image was received on 
paper impregnated with iodide of silver, and afterwards developed by a mix- 
ture of gallic acid and nitrate of silver. It would be impossible here to de- 
scribe the numerous modifications which the so-called paper-process has 
assumed, since it was first discovered. Owing to imperfect methods of 
preservation, nearly all the drawings which were taken at an early period, 
have perished. Paper impregnated with wax, with one part of wax to four 
parts of paraffin, with gelatin, albumen, and other substances, has been used, 
and admirable drawings of large size have been procured from transparent 
wax-negatives : but the paper-process is now chiefly confined to the pro- 
curing of positive impressions from collodion negatives on glass ; and the 
salt of silver which is preferred for this purpose is the chloride (AgCl), with 
or without albumen, but always accompanied with free nitrate of silver. 

Preparation of the Paper. — Paper manufactured for photographic use, 
should be floated for five minutes on a solution containing from 10 to 12 
grains of chloride of sodium or ammonium to an ounce of water. When 
dried, it should be floated in a dark room, for another five minutes, on its 
salted surface, on a solution of nitrate of silver, consisting of from 60 to 80 
grains to the ounce of water. When dry, it is fit for use. Paper prepared 
with a surface of albumen and impregnated with chloride of sodium, may be 
readily procured. This may be sensitized in a similar mauner, A positive 
impression is taken by placing the collodion side of a negative plate, on 
w^hich there is a fixed image, in contact with the dry sensitive side of the 
paper, and exposing it to light in a pressure-frame until the lights of the 
drawing are of a pale lilac hue, and the shades are of a deep bronze color. 
It is afterwards soaked in successive portions of tepid water, until the water 
is no longer rendered milky by the production of chloride of silver. It is 
then transferred to a toning bath, which is thus prepared : Bicarbonate of 
soda 1 J oz., water 90 oz. : dissolve and filter. A solution of chloride of gold 
should be so prepared as to contain 4 grs. of metallic gold to 1 oz. of water. 
(Perohloride of Gold, p. 480.) These solutions should be mixed, as they 
are required, in the following proportions: To 5 ounces of the solution of 
bicarbonate of soda, add 1 drachm of the solution of gold ( = J grain of 
metal). The drawing or drawings should be kept in motion, and remain in 
the bath until they have acquired a deep purple-black color. Those which 
are feebly printed will not acquire any depth of color ; they become more 
faint. In fact, it is only in those parts in which the silver has been com- 
pletely reduced by light, that this toning effect takes place. All the opera- 
tions above described, except that of salting the paper, must be carried on 
in a darkened room. The drawing, after toning, should be washed in cold 
water, to remove any traces of the gold-bath, and then plunged for a quarter 
of an hour into a solution of hyposulphite of soda, containing 1 ounce of the 
salt to eight ounces of water. Any chloride of silver contained in the sub- 
stance of the paper is thereby removed, while in a perfect drawing the color 
is but little changed, unless it is allowed to remain too long in the bath. It 
is now soaked in a large quantity of water, occasionally renewed, for twenty- 
four hours, with a view to remove all the compound hyposulphite of soda and 
silver. 'The last drainings of the drawing may be tested for any traces of 
hyposulphite, either by a solution of nitrate of silver, or of acid subnitrate 
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of mercury. If any hyposulphite is still contained in the washings of the 
drawing, the former will give a brown color to the liquid, and the latter will 
produce a gray, or even a black precipitate. 

In February, 1839, soon after the announcement of Mr. Fox Talbot^s 
method of impregnating paper with chloride of silver, we found that a solu- 
tion of ammonio-nitrate of silver gave greater certainty and uniformity in the 
results. The solution then called Photogenic liquid was prepared by dis- 
solving 4 drachms of nitrate of silver in 6 ounces of water. Strong ammo- 
nia was added to the liquid until the oxide of silver at first precipitated was 
entirely re-dissolved ('' On the Art of Photogenic Drawing," Jeffery. Lon- 
don, 1840, p. 6). The liquid was laid on the paper with a brush, the paper 
being selected according to the dark and even tone, which it acquired when 
prepared with the silver solution, and exposed to light. Drawings taken by 
this process, and preserved by the hyposulphite of lime, have undergone but 
little change in twenty-three years. The lights and shades are still well de- 
fined. In salting paper for the ammonio-nitrate of silver, the quantity of 
chloride of ammonium or sodium used, should be less than that employed for 
the nitrate. It was thought that such a solution would be dangerous for use, 
by giving rise to the production of fulminating silver ; but having employed 
it with safety in large quantities for some years, and even after keeping it for 
a period of eight or nine years, it is evident that such a supposition is un- 
founded. The addition of a small quantity of alcohol and a few drops of 
nitric acid to the liquid, has been found to render it adapted for albuminized 
paper, the proportion of nitrate of silver employed, being about 10 grains to 
an ounce of water. 

The chemical changes which take place in the various stages of the paper 
process may be thus described : Chloride of silver is produced in sensitizing 
the paper, NaCl + AgO,N05=AgCl+]SraO,N05. The chloride is by this 
method of preparation evenly precipitated over the surface of the paper ; but 
it is always mixed with free nitrate of silver, which accelerates and increases 
the chemical changes. When albuminized paper is used, in addition to the 
two preceding salts, an organic salt (the albuminate) is also produced. The 
three salts are decomposed by light, but in different degrees : the nitrate 
produces a brown-black, the chloride tends to produce a purple-black, and 
the albuminate a reddish-brown color, which is not easily darkened by the 
gold-bath. A deficiency of nitrate of silver in the silver-bath (as it is rapidly 
replaced by nitrate of soda), an undue proportion of chloride of sodium in 
the paper, or too short a contact with the sensitizing liquid, will affect the 
results. Exposure to light causes a reduction of the silver in the exposed 
parts to the metallic state: AgCl=Ag + Cl, and AgO,N05=Ag+0 + N05; 
but only a very small portion of the silver salts on the paper is thus metal- 
lized. When the recent drawing is placed in tepid water containing an alka- 
line chloride, there is an abundant milky deposit, owing to the production of 
chloride of silver from the undecomposed nitrate in the paper. This should 
be removed as rapidly as it is formed, but the body of the paper will still 
hold a quantity, which surface-washing with water will not remove. When 
the drawing is now placed in an alkaline solution of gold, the gold is de- 
posited either upon or in substitution of the metallic silver, giving to it a 
purple-black, in place of the red-brown color (3Ag+AuCl3=Au + 3Ag01), 
and rendering it better fitted to withstand the action of the hyposulphite of 
soda. A compound hyposulphite of gold and soda, which may be made by 
adding a weak solution of the chloride of gold to a concentrated solution of 
the hyposulphite, is preferable for the toning of drawings on plain salted 
paper. In this case it is, however, probable that the more perishable sul- 
phide of silver still exists in the drawing, with precipitated gold. The per- 
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feet preservation of the drawing is based on two conditions : 1. The entire 
removal from the substance of the paper of any chloride of siWer by the 
hyposulphite of soda: AgGl+2(NaO,SA)=^^aCl + ]SraO,AgO,2SA- 
Hence the drawing should be left sufficiently long in this liquid, and it 
should be of a sufficient strength, but not greater than is required, for the 
removal of the chloride. If very strong, it injures the finer parts of the 
impression by dissolving the reduced silver. It is better, therefore, to em- 
ploy a solution of the minimum strength for the removal of the chloride. If 
the solution is too weak it produces in the substance of the paper spots of 
brown sulphide of silver. 2. The second condition is, that the whole of the 
compound hyposulphite thus produced should be removed from the paper, 
otherwise it will undergo spontaneous decomposition, especially in a damp 
atmosphere. Brown and yellow stains sooner or later appear in the drawing, 
and thus destroy it They arise from the decomposition of the hyposulphite 
of silver, which passes through a series of changes until it is resolved into 
sulphide of silver, and ultimately this appears to be itself resolved into sul- 
phate of silver, (AgO,SA=AgO,SO,+ S=AgS + S03), The sulphuric 
acid probably reacts upon another portion of hyposulphite, forming sulphate 
of silver, and setting free sulphur and sulphurous acid. If the same solution 
of hyposulphite is too frequently employed, it becomes saturated with chlo- 
ride of silver, forming apparently in the substance of the paper an insoluble 
double hyposulphite, which cannot be readily removed by washing. Hence 
a frequent renewal of the hyposulphite is required. 

There are many points connected with the art of photography which can 
be acquired only by long practice. The causes of failure in every stage of 
the process are numerous, and are sometimes difficult of explanation. 
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GOLD. PLATINUM. 
Gold (Au=197). 

Gold has been known from the remotest ages : it is the Sol of the alche- 
mists, who represented it by the circle O, the emblem of perfection. It 
occurs in nature in a metallic state alloyed with silver or copper, and is called 
native gold. It is found disseminated in primitive or igneous rocks, or in 
the beds of rivers, and in alluvial deposits. The largest supplies have been 
derived from Australia and California ; from Brazil, Mexico, and Peru ; from 
the Ural Mountains ; and from some parts of Africa. The rivers of Hun- 
gary, Transylvania, and Piedmont, have also yielded the metal ; and it has 
been found in Cornwall, Wicklow, and INTorth Wales. In 1861, the gold 
obtained from that principality is reported to have amounted to 2884 ounces. 
Gold has also been found in the refuse slags of sulphuric acid works, where 
pyrites has been used as a source of sulphur. Though it generally occurs 
in small nodules and granules, nuggets are sometimes found weighing many 
pounds. It is usually separated from the matrix by grinding and washing, 
or by amalgamation with mercury. 

Gold may be obtained pure by dissolving standard gold in nitro-hydro- 
chloric acid, evaporating the solution to dryness (by a gentle heat towards 
the end of the process), redissolving the dry mass in distilled water, filtering, 
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acidulating by hydrochloric acid, and adding a solution of protosulphate of 
iron. A brown powder falls, which, after having been washed with hydro- 
chloric acid and distilled water, affords, on fusion with a little borax or other 
suitable flux, a button of pure gold; (6(FeO,S03)+AuCl3=2(Fe203,3S03)-|- 
Fe^Clg+Au). If the solution from which the gold is precipitated is ex- 
tremely dilute, it acquires on the first addition of the salt of iron' a beautiful 
blue tint, when viewed by transmitted light, and appears reddish by reflection. 

Gold is of a deep and peculiar yellow color. It melts at a bright-red 
heat, equivalent to about 2016° of Fahrenheit's scale, and when in fusion 
appears of a greenish color ; as it solidifies it contracts in bulk. Its specific 
gravity, in its least dense state, after fusion, is 19*2; by hammering and 
rolling it may be brought up to 19-3 or 19-4. It is so malleable, that it 
may be beaten into leaves which do not exceed the l-200,000th of an inch 
in thickness ; a single grain may be extended over 56 square inches of sur- 
face ; and it is so ductile that a grain may be drawn out into 500 feet of wire. 
It may be kept for several hours in fusion without perceptible loss of weight ; 
but when subjected to an intense heat it affords evidence of volatility. The 
concentrated mineral acids have separately no action upon pure gold ; neither 
has sulphur nor sulphuretted hydrogen. Chlorine, iodine, and bromine, on 
the contrary, are capable of acting upon it ; the agent commonly resorted to 
for dissolving it, is chlorine, generally in the form of nitrohydrochloric acid, 
or aqua regia. If a small portion of leaf-gold is added to a freshly-made 
solution of chlorine, and the mixture is heated, the gold is speedily dissolved, 
forming a yellow-colored liquid. Any silver that may be present, will remain 
in dark-colored particles undissolved. Bromine water also dissolves gold. 
When gold is boiled with hydrochloric acid, and a small quantity either of 
peroxide of manganese, or of an alkaline seleniate is added to the liquid, the 
metal is immediately dissolved. Chlorine is set free in both cases (pp. 1*13 
and 216). 

There are two oxides of gold, 2i protoxide and 2b peroxide. 

Protoxide op Gold ; Aurous Oxide (AuO) is obtained by precipitating 
a solution of the protochloride by a weak solution of potassa. It is of a dark 
color, and is converted by hydrochloric acid into metallic gold and perchlo- 
ride ; potassa and soda dissolve a little of it ; with ammonia it forms a de- 
tonating compound. 

Peroxide op Gold. Auric Oxide ; Auric Acid (AuOg).— The best pro- 
cess for obtaining peroxide of gold consists in the decomposition of the 
percliloride by magnesia, washing the precipitate with dilute nitric acid, and 
drying it at a low heat. It is of a brown color, and is reduced by the action 
of light, or when heated to 480°. It dissolves in sulphuric and in nitric 
acids, but the solutions are decomposed by dilution with water. It is soluble 
in the hydracids, and combines^ when hydrated, with alkaline bases, forming 
salts which have been called Aurates, With ammonia it forms a fulminating 
compound. 

Protochloride op Gold (AuCl) is obtained by exposing the perchloride 
to a temperature not exceeding 850°: it loses chlorine, and is converted into 
a pale-yellow protochloride^ which is very unstable, and is decomposed by the 
action of boiling water. 

Perchloride op Gold (AuClg). — The common solvent of gold, for the 
purpose of obtaining the chloride, is the nitrohydrochloric acid. Six grains of 
pure gold (dentist's foil) may be dissolved in |^ a drachm of pure nitric and 
1^ drachms of pure hydrochloric acid. A gentle heat should be employed, 
and the acid liquid concentrated by evaporation on a sand-bath, until it is 
reduced to one-third of its bulk. It may then be set aside for crystallization, 
or at once mixed with a quantity of water, in proportion to the strength of 
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solution required. The chemical changes may be thus represented: (Au4- 
NOs+3HCl=AuCl3+3HO + N03). By evaporating a saturated solution, 
prismatic crystals of a deep orange-color are obtained. These are very de- 
liquescent, fusible, and decomposed by heat, yielding, at first the protochlo- 
ride, and ultimately, pure gold. The solution, even when much diluted, has 
a rich yellow color. It is decomposed by phosphorus, charcoal, sulphurous 
and gallic acids, and many of the metals and their compounds. A piece of 
paper or gelatin moistened with it and exposed to light, becomes purple from 
the separation of metallic gold. When heated with oxalic acid, carbonic acid 
gas is evolved, and gold is precipitated. Protosulphate of iron throws down 
the metal in a finely-divided state, and in this condition it is used for gilding 
porcelain, and other purposes (p. 480). 

Perehloride of gold dissolves in alcohol and in ether : the latter solution 
is obtained by agitating the aqueous solution of gold with ether, after which 
the mixture separates into two portions ; the superior is yellow, and is an 
ethereal solution of chloride of gold ; the inferior is colorless, being water 
and hydrochloric acid. Polished steel dipped into this ethereal solution 
acquires a coating of gold, and it has hence been employed for gilding deli- 
cate cutting instruments. When long kept, it often slowly deposits films of 
metallic gold, in arborescent crystals. 

Purple of Cassius. — When a dilute mixed solution of protochloride and 
perehloride of tin is gradually added to a dilute solution of perehloride of 
gold, this purple compound is precipitated ; and if a piece of tinfoil be im- 
mersed in a dilute solution of the chloride, the same purple powder is thrown 
down. 

The purple of Cassius is used in enamel and porcelain painting, and also 
for tinging glass of a fine red. It retains its color at a high red heat : it 
is insoluble in solutions of potassa and soda ; but if, whilst in its hydrated 
state, it is washed with ammonia, a bright purple liquid is obtained. This 
compound is regarded as a hydrated stannate of gold and tin (AuO,Sn03+ 
SnO,SnO,-f4Aq). 

Auro-Perchlorides. — These are compounds in which the chloride of gold 
is combined with certain electro-positive chlorides, such as those of the alka- 
line bases : they consist of 1 atom of perehloride of gold, and 1 atom of the 
other chloride, and may be formed of their respective chlorides in such pro- 
portions. Some of them have been long known : they mostly form prismatic 
crystals, and include water of crystallization. It is in consequence of the 
formation of these soluble double salts, that a solution of perehloride of 
gold in hydrochloric acid, yields no precipitates with the alkalies, even when 
added in excess. Different aurochlorides, obtained by adding salts of potassa, 
soda, ammonia, and other bases, to the chloride, are employed in gilding 
copper trinkets, buttons, and other articles. 

Iodides and Bromides of gold, corresponding to the chlorides, have been 
formed. They also produce double salts with the electropositive iodides and 
bromides. 

Sulphide of Gold (AuSjAuSg) is produced by passing sulphuretted 
hydrogen through a cold and diluted aqueous solution of perehloride of gold. 
It falls in the form of a black powder, and is resolved by heat into gold and 
sulphur. It is soluble in alkaline sulphides. A double sulphide of gold and 
potassium is formed, when sulphide of gold is digested in a solution of sul- 
phide of potassium; or when gold, sulphur, and potassa are fused together; 
the compound is soluble in water. Sulphide of gold is used in the Potteries 
as a source of the preparation of gold with which a dingy gilding is given 
to porcelain. When sulphuretted hydrogen is passed through a boiling 
31 
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solntion of chloride of gold, the metal is precipitated: 4AuClg+3HS + 
9HO=4Au + 12HCl + 8S03. 

Protocyanide of Gold (AuCy) falls in the form of a yellow crystalline 
precipitate on adding a solution of cyanide of potassium to a dilute solution 
of perchlorlde of gold. Its most important compound is that with cyanide 
of potassium, which may be formed by dissolving either cyanide of gold, or 
the compound obtained by precipitating a solution of perchloride of gold by 
ammonia, in a solution of cyanide of potassium. Its concentrated solution 
gives crystals=KCy,AuCy. It is used for gilding silver and copper, and 
especially for electro-plating. 

Peroyanide of Gold (AuCyg) is formed by mixing a solution of caustic 
potassa, to which excess of hydrocyanic acid has been added, with perchlo- 
ride of gold free from uncombined acid. It yields crystals=AuCy3+6Aq. 
It forms double salts with the cyanides of the alkaline bases. 

Alloys of Gold. — The most important are those with copper, mercury, 
and silver. With copper^ gold forms a ductile alloy of a deeper color, 
harder, and more fusible than pure gold: this alloy, in the proportion of 11 
gold to 1 copper, or 91-67 gold, 8*33 copper, constitutes standard gold ; its 
density is It'lST, being a little below the mean. One troy pound of this 
alloy is coined into 46|^ sovereigns, or 20 troy pounds into 934 sovereigns 
and a half. The pound was formerly coined into 44 guineas and a half, 
The standard gold of France consists of 9 parts of gold and 1 of copper. 
Standard gold is not affected by nitric acid ; but the inferior alloys which 
are made to imitate gold, consisting chiefly of copper and zinc, immediately 
decompose this acid, and set free deutoxide of nitrogen. The insolubility 
of gold in strong nitric acid distinguishes it from these alloys. In testing 
small articles of jewelry the following plan may be adopted. The metal may 
be rubbed upon a smooth surface of blood-stone or jasper, so as to transfer 
a portion to the stone. One or two drops of strong nitric acid are then 
placed on the metallized surface of the stone. If the article is a base alloy, 
the metallic appearance is speedily destroyed, and the metal is dissolved : if 
gold, it remains unaffected. Base alloys are frequently plated with gold, 
and in this case the only method of judging of the quality of the metal, is 
by taking the specific gravity, which should be at least It for standard gold. 
Trinket-gold is seldom above 15 ; and the so-called gold chains ordinarily 
met with vary from 11 to 13. Common gilt articles vary from T to 9. 

Mercury and gold combine readily, especially when heated, the mercury 
taking up a considerable proportion of gold without loss of fluidity : when 
rich in gold, the amalgam is of a buttery consistence, and may be separated 
from the more liquid portion by pressure through leather ; it then consists 
of about two parts of gold and one of mercury : the amalgam used for 
gilding bronze contains about one-eighth of gold. Silver and gold mix 
readily in all proportions, when the fused metals are stirred together. The 
standard gold at present coined, is for the most part alloyed with copper 
only; previous to the year 1826, the alloy consisted in part of silver, hence 
its paler color. To separate the silver from gold, the alloy is melted with a 
great excess of silver, granulated, and boiled in sulphuric acid, by which the 
silver is oxidized and converted into sulphate, and the metallic gold remains 
in the form of a dark insoluble powder, which is afterwards collected, washed, 
and fused into a button or ingot. In the same way, the small quantity of 
gold contained in silver coin, which used to pass unheeded, is extracted by 
sulphuric acid; the recently coined silver will accordingly be found, in most 
cases, destitute of those traces of gold which are contained in our coin of a 
date anterior to 1826. When gold and silver are parted by the action of 
nitric acid, it is necessary, as in the case of sulphuric acid, that the silver 
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should be in great excess ; it is otherwise protected from the solvent power 
of the acid. 

Assay of Gold. — The quantity of standard or other gold used for assay 
is generally about 8 grains : to this,fabout three times its weight of pure 
silver, together with the proper proportion of lead is added, and the whole 
subjected to cupellation, as already described (page 467). The silver and 
gold are thus thoroughly combined, while the oxides of lead and copper are 
absorbed by the cupel. The auriferous button is then flattened under the 
hammer, and after having been annealed, is passed between a pair of small 
rollers, so as to extend it into a thin ribbon : it is then again annealed, and 
coiled up so as to form what is called a cornet, which is put into a flask or 
matrass containing about an ounce of hot nitric acid, sp. gr. 1*180, and 
boiled for about ten minutes, by which the silver is dissolved, and the gold, 
retaining the form of the cornet, remains : this is again boiled for about 
twenty minutes in somewhat stronger nitric acid, and then carefully washed 
and transferred to a small crucible, in which it is heated to redness. When 
cold, the loss upon the original weight of the sample, is carefully ascertained. 
The weight of the alloy operated upon is always represented as=1000, 
and the weights used are so adjusted as to give the value of the alloy in 
thousandths. In the process of gold-assaying, as in that of silver, various 
errors have to be compensated for, more especially in reference to the traces 
of copper, lead, and silver which may have been left in the gold. 

Tests for the Salts of Gold. — Such of these as are soluble are distin- 
guished by the peculiar purple precipitates which they afford with the mixed 
chlorides of tin. Protosulphate of iron, and oxalic and sulphurous acids 
throw down metallic gold. They are all decomposed by heat, and the resi- 
duary gold is easily recognized. 

Platinum (Pt=99). 

This metal was first made known in 1141. Its name is derived fromplatina, 
a diminutive of the Spanish word plata, silver. 

Platinum is found in the metallic state, in small grains, confined to streams 
and alluvial strata, chiefly in Brazil and Peru, and in the Uralian mountains 
of Siberia. The grains, besides platinum, contain generally gold, iron, lead, 
palladium, rhodium, iridium, and osmium, and often oxide of titanium and 
chromate of iron. Rounded masses of the metal occasionally occur among 
them ; these are rarely larger than a pea or a small marble, though some 
have been found of the size of a pigeon's egg. The usual mode of obtaining 
pure platinum consists in digesting the ore in nitrohydrochloric acid, decant- 
ing the clear solution from the black insoluble residue, and mixing it with a 
solution of sal-ammoniac ; a yellow double chloride of ammonium and pla- 
tinum falls (NH^OljPtClQ), which, when well washed and heated to redness, 
leaves a spongy mass of finely-divided metal ; this is triturated with water, 
and subjected to powerful pressure in a brass mould, so as to form a porous 
ingot, which is gradually raised to a white heat and carefully hammered at 
its ends, until it forms a coherent bar. 

Malleable platinum has lately been manufactured by the following process, 
contrived by Deville and Debray. The prepared ore is fused with its weight 
of sulphide of lead and half its weight of metallic lead ; some of the impuri- 
ties are thus separated in combination with sulphur, while the platinum forms 
an alloy with the lead, which is freed from the scoriae, and subjected to the 
joint action of heat and air, until the greater part of the lead is oxidized into 
litharge, so that the residuary alloy only retains about 5 per cent, of lead. 
It is then subjected to the intense heat of an oxyhydrogen flame in a furnace 
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of chalklime, where the rest of the lead (together with any gold, copper, and 
osmium) is driven off in fumes : the remaining platinum is cast into any 
required form. This process, which has furnished ingots of more than 50 
pounds in weight, leaves some rhodiui|i and iridium in combination with the 
platinum ; but these metals do not affect its useful applications, neither ren- 
dering it more fusible nor more liable to the action of acids. 

In the International Exhibition of 1862, Messrs. Johnson exhibited a mass 
of pure platinum, prepared by Deville's process, weighing 230 pounds, and 
valued at 3840/. In the production of this enormous mass of a metal hitherto 
regarded as infusible, the operator was nearly killed by the fumes of osmic 
acid evolved. 

The color ^ platinum is between that of iron and silver. When pure it 
scarcely yields in malleability to gold and silver : it is excessively ductile and 
tenacious, and takes a good polish : it is harder than copper, but softer than 
iron. The specific gravity of platinum fluctuates between 21 and 22. Its 
extreme difficulty of fusion, and the perfect manner in which it resists the 
action of almost all acids, at a boiling or even at a red heat, render it import- 
antly useful in many of the arts, and indispensable in the laboratory. The 
curious catalytic action of clean surfaces of platinum, of pulverulent and 
spongy platinum, and platinum black, upon gaseous mixtures, especially in 
determining the combination of oxygen and hydrogen, has rendered this 
metal useful in gaseous analyses. Bibulous paper, or fibres of asbestos, 
saturated with a strong solution of chloride of platinum, dried, and ignited, 
yield an ash which exhibits the properties of finely-divided platinum in per- 
fection. This catalytic action of platinum appears increased in proportion 
to the mechanical division of the metal and the perfect cleanliness of its 
surface. 

Catalytic platinum may be prepared by dissolving protochloride of pla- 
tinum in a strong hot solution of caustic potassa, and adding alcohol : the 
hot mixture is stirred till the effervescence, arising from the escape of car- 
bonic acid ceases ; this is so violent as to require the use of a capacious 
vessel. The platinum falls in the form of a black powder, from which the 
supernatant liquor is poured off ; the powder is then boiled successively in 
alcohol, in hydrochloric acid, and in solution of potassa, and lastly, in four 
or five portions of distilled water. If the alcohol is not entirely removed the 
powder ignites on drying, and loses its catalytic power. It is dissolved by 
a solution of chlorine. When dry, it looks like lamp-black, but acquires a 
metallic aspect after having been heated white-hot. This form of platinum 
is also obtained by heating an aqueous solution of 4 parts of bichloride of 
platinum, 10 of crystallized carbonate of soda, and 1 of grape-sugar to 
212°, stirring the liquor till the whole of the black precipitate has fallen, 
which is then well washed and dried : it is improved by boiling it first in 
nitric acid, and then in solution of potassa, and finally washing and drying. 

Catalytic platinum absorbs gases, which, without combining with it, 
become condensed in its pores. Exposed to air, it absorbs oxygen to the 
extent of 250 times its volume. It induces various combinations : its action 
on mixtures of oxygen and hydrogen has already been noticed (pp. 54, lit). 

Although pure platinum is infusible in an ordinary wind furnace, it softens 
so as to admit of welding and forging. In the arc of flame of the voltaic 
current, and before the oxyhydrogen blowpipe, in a lime-furnace, it not 
only admits of being fused, but when very intensely heated it is said to give 
off vapor. 

Although pure platinum is insoluble in nitric acid, yet when alloyed with 
certain other metals soluble in this acid, it is taken up ; as for instance, 
with silver. It is attacked at high temperatures by the alkalies, especially 
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by baryta, lithia, and potassa, and also by nitre and tlie alkaline persiil- 
phides : it is not affected by sulphur unless in the spongy state, but it com- 
bines with the greater number of the metals, and with many of them forms 
very fusible compounds ; these actions show the necessity of caution as to 
the substances which are ignited or fused in platinum crucibles, and as to 
the fuel with which they are brought into contact. 

The affinity of platinum for oxygen is, like that of gold, extremely feeble; 
it shows no disposition to become an oxide by exposure to air or oxygen at 
any temperature; and although a strong electric discharge, when transmitted 
through a fine platinum wire, dissipates it into black dust, this, as in the 
analogous case of gold, is probably finely-divided metal, and not the result 
of oxidation. Two oxides of platinum have been satisfactorily identified. 

Protoxide of Platinum (PtO).— When protochloride of platinum is 
gently heated in a solution of caustic potassa, a black oxide is formed, part 
of which is dissolved, and part precipitated: it may be thrown down from its 
alkaline solution by dilute sulphuric acid. It is easily reduced by heat, 
and slowly dissolves in the acids, most of which decompose it, and resolve 
it into peroxide and metal. 

BiNOXiDE OF Platinum; Peroxide of Platinum (PtO^) is obtained by 
decomposing nitrate of platinum by carbonate of soda, so as to leave the 
nitrate in excess. It falls in the form of a brown hydrate, which, when 
heated, first gives out water and becomes black ; at a higher temperature it 
evolves oxygen, and is reduced : it has a feeble attraction for the acids, but 
combines with many salifiable bases, and dissolves in the caustic and car- 
bonated alkalies. It forms a fulminating ammoniacal compound, similar to 
fulminating gold. 

Protochloride of Platinum (PtCl). — When perchloride of platinum is 
exposed in a porcelain capsule to a temperature not exceeding that of melting 
tin (about 400°), and stirred so long as it evolves chlorine, it is converted 
into a gray powder, insoluble in water, and not decomposed by sulphuric or 
nitric acid, but soluble in boiling hydrochloric acid. It forms crystallizable 
double salts with the alkaline chlorides. It is decomposed at a red heat. 

Bichloride of Platinum ; Perchloride of Platinum (PtClJ. — When 
a solution of platinum in nitrohydrochloric acid is evaporated, it affords a 
deep-brown liquid which shoots into prismatic crystals, consisting of hy- 
drated perchloride of platinum and hydrochloric acid ; on further evapo- 
ration it yields a brown saline mass, which becomes deeper colored upon 
the expulsion of its combined water. It is then a perchloride of platinum, 
yielding a deep yellow solution in water, and soluble in alcohol and in ether. 
It combines with many other chlorides, forming an extensive class of double 
salts. 

The Ammonio-Bichloride of Platinum (NH^Cl + PtClg) is the yellow 
powder which falls when solutions of bichloride of platinum and sal-ammo- 
niac are mixed. When exposed to heat, it loses a little water, and at a red 
heat it evolves nitrogen, hydrochloric acid, and sal-ammoniac, without under- 
going fusion, and the platinum remains in the peculiar spongy state before 
referred to. This ammonio-chloride is sparingly soluble in pure water ; it 
is insoluble in cold hydrochloric acid, and falls as a crystalline powder from 
its solution in hot hydrochloric acid. It is almost entirely insoluble in solu- 
tion of sal-ammoniac, and it is insoluble in alcohol. 

The action of ammonia on the two chlorides of platinum gives rise to a 
series of compound bases which have much theoretical, but little practical 
interest, and which have hitherto been only imperfectly examined as to pro- 
perties and preparation. Any condensed notice of these, compatible with 
the limits of this work, would be useless to the student. 
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PoTASSio-BiCHLORiDE OF PLATINUM (KCl,PtCl2) is thrown down in the 
form of a yellow powder, when concentrated solutions of chloride of potassium 
and of bichloride of platinum are mixed: it is very sparingly soluble in water, 
and is deposited from its boiling solution in small octahedral crystals. It is 
insoluble in alcohol. The difficult solubility of this compound renders bi- 
chloride of platinum a useful test of the presence of the salts of potassa, as 
well as of the salts of rubidium and caesium. The platino-chlorides of these 
two metals, however, are much less soluble than the platino-chlorides of 
potassium : hence a solution of the latter gives a dense yellow precipitate in 
a salt of csesium or rubidium. 

SODIO-BICHLORIDE OF PLATINUM (NaCl.PtCla). — Chloride of sodium 
occasions no precipitate with bichloride of platinum, but the mixed solutions 
yield on evaporation prismatic crystals, of a deep orange color, soluble in 
water and in alcohol, and which, when heated, lose 6 atoms of water of crys- 
tallization, leaving the anhydrous double salt. A variety of other analogous 
double salts have been described ; they are generally made by mixing the 
two chlorides in atomic proportions. 

The Bihromide and Biniodide of platinum are sparingly soluble in water, 
and are obtained by the decomposition of the bichloride, by bromide and 
iodide of potassium. 

Protosulphide of Platinum (PtS) may be formed by heating finely- 
divided platinum with sulphur, or by the decomposition of protochloride of 
platinum by sulphuretted hydrogen. It is a gray or black powder, unaltered 
by air or water, scarcely attacked by the boiling acids, but decomposed when 
heated in the air. 

Bisulphide of Platinum (PtSJ falls in the form of a brownish powder, 
when the sodio-bichloride of platinum is precipitated by sulphuretted hydro- 
gen : at a red heat it is decomposed, and leaves metallic platinum. 

Protosulphate op Platinum (PtO,S03) is obtained when a solution of 
protoxide of platinum in caustic potassa is saturated with sulphuric acid, the 
liquid poured off, and the precipitate dissolved in dilute sulphuric acid : 
the concentrated solution is black ; diluted with water it becomes red, and 
passes into persulphate. 

Persulphate of Platinum (PtOg,2S03) is obtained by acidifying the 
sulphur of the sulphides of platinum by nitric acid. It is deep brown, and 
soluble in water, alcohol, and ether : with soda, potassa, and ammonia, it 
forms double salts. 

Cyanide of Platinum forms a series of double cyanides, some of which 
are extremely beautiful. The platino- cyanide of ^potassium (KCy,PtCy) or 
(KjPtCy^) formed by dissolving protochloride of platinum in a solution of 
cyanide of potassium, forms prismatic crystals, yellow by transmitted, and 
blue by reflected light. They contain 3 atoms of water. The platino- 
cyanide of magnesium forms crystals which exhibit various shades of red, 
blue, and green (p. 32). 

When chlorine is passed through a solution of the platino-cyanide of 
potassium, crystals are deposited which are green by transmitted light, but 
of a copper color by reflected light. This salt, termed sesquiplatino-cyanide 
of potassium, has the formula (KgjPt^CygjGAq). 

Alloys of Platinum. — Iron and platinum in equal parts form a crystal- 
line alloy, which takes a fine polish. Platinum dissolves in fused zinc ; the 
alloy is bluish-white, brittle, and hard. Zinc heated in platinum-foil before 
the blowpipe burns vividly and even with explosion. Tin and platinum 
form alloys more or less brittle and fusible. When tin-foil and platinum are 
wrapped together and heated by the blowpipe, they combine with incan- 
descence. With its weight of nickel platinum forms a pale yellow alloy, 
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susceptible of a higli polish. Copper and platinum form alloys, the ductility 
and color of which vary with the proportions : platinum easily destroys the 
color of copper: an alloy of t platinum, 16 copper, 1 zinc, resembles gold 
in color. Lead and platinum form brittle alloys. Platinum and lead-foil 
folded together and heated before the blowpipe, combine with elevation of 
temperature. Antimony and platinum readily enter into ignition when they 
combine, in the same manner as tin and zinc. Arsenic and platinum form 
a dark-gray brittle alloy. When particles of arsenic are placed upon red 
hot platinum-leaf, they immediately fuse a hole in it. Mercury amalgamates 
difficultly with platinum ; spongy platinum forms the readiest combination, 
especially when rubbed with the mercury in a hot mortar. Silver and pla- 
tinum form ductile alloys. Gold and platinum require a strong heat for 
combination, and the color of the gold is greatly deteriorated. 

The perfection with which vessels of platinum resivst the action of heat, 
and of most acids, renders them peculiarly valuable in many of their appli- 
cations ; but its high price is against its general adoption. In the employ- 
ment of platinum-vessels, the following precautions must be attended to : 
1. They must not be subjected to the action of compounds which evolve 
chlorine. 2. Mtre, and the alkalies, must not be fused in them. 3. No 
metallic reductions must be performed in them ; nor compounds of phospho- 
rus decomposed, so as to evolve that substance. 4. When metallic oxides 
are heated in a platinum crucible, the heat must not be raised to redness, 
provided the oxide is easily decomposed. 5. The immediate contact of the 
fuel (charcoal should always be used) with the crucible should be avoided, 
especially at very high temperatures ; for it is thus rendered brittle and 
unsound. 

Test tor the Salts or Platinum. — The color and the difficult solubility 
of the ammonio and potassio-chlorides of platinum, and the solubility of the 
corresponding soda-compound, are very characteristic of this metal. All the 
metals which reduce the chloride of gold, with the exception of palladium, 
act similarly upon chloride of platinum, but its complete separation in the 
metallic state is slow : iron, zinc, cadmium, and copper, are its most eflfective 
precipitants ; they separate it as a black powder, which sometimes adheres 
in films to the glass. Protosulphate of iron and tincture of galls occasion 
no precipitates in a solution of perchloride of platinum, a circumstance 
which distinguishes this metal from gold, silver, and palladium. 



CHAPTER XLI. 

palladium, rhodium, ruthenium, osmium, iridium. 

Palladium (Pd==54). 

Palladium was discovered by Wollaston in 1803 : it is associated with 
the other metals mentioned in the last section as constituting the ore of pla- 
tinum. It has also been found alloyed with gold. 

Palladium is separated from the ore of platinum by the following process. 
Digest the ore in nitrohydrochloric acid, neutralize the redundant acid by 
soda, throw down the platinum by sal-ammoniac, and filter : to the filtered 
liquor add a solution of cyanide of mercury : a yellow flocculent precipitate 
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of cyanide of palladium is soon deposited; which yields palladium on expo- 
sure to heat. 

Palladium has a dull-white color, is malleable and ductile, but hard. It 
fuses at a temperature above that required for the fusion of gold, and when 
intensely heated by the oxyhydrogen blowpipe, it is dissipated in sparks. 
When heated over the flame of a spirit-lamp, it acquires various shades of 
blue upon its surface, in consequence of superficial oxidation. It is acted on 
by the greater number of the acids when aided by heat, and also by potassa 
and nitre : it has a strong affinity for cyanogen. 

Protoxide or Palladium (PdO). — When nitrate of palladium is precipi- 
tated by an alkali, the red or dark-orange powder which falls, is a hydrated 
oxide. In this state, it is soluble in acids, yielding red and brown salts of 
an astringent taste. It becomes black and anhydrous at a dull red heat. 

BiNOXiDE OF Palladium (PdOJ is obtained as a brown hydrate, by the 
action of a solution of potassa on the potassio-chloride of palladium. 

Protochloride of Palladium (PdCl) is obtained by digesting palladium 
in hydrochloric acid with a little nitric aeid, and evaporating to dryness : it 
forms a brown powder, which is nearly black when anhydrous. It forms 
double salts with the basic metallic chlorides, which are soluble in water 
and in alcohol. With ammonia it forms a series of compounds resembling 
those of platinum. 

Bichloride of Palladium; Perchloride of Palladium (PdClg) is only 
known in solution. It forms red double salts with the alkaline chlorides. 

Nitrate of Palladium. — Palladium, when aided by heat, dissolves slowly 
in nitric acid, forming a brown solution which leaves a brown subnitrate on 
evaporation. Nitrate of protoxide of palladium forms a double salt with 
ammonia. 

Sulphide op Palladium (PdS) is formed by fusing sulphur with palladium ; 
it is white, hard, and fusible, and when long exposed to heat and air, it loses 
its sulphur. It is thrown down in the form of a black powder by the action 
of sulphuretted hydrogen upon the salts of palladium. 

Protosulphate of Palladium (PdOjSOg) is obtained by boiling the pro- 
tonitrate to dryness with sulphuric acid ; or by boiling the metal in sulphuric 
acid, when sulphurous acid is evolved, and a brown solution is obtained, 
which deposits the sulphate in red crystals. This salt, dissolved in aqueous 
ammonia, yields two ammonio- sulphates ■—^'R^^VdiO,^0^ and 2(NH3,)PdO, 
SO,. 

Carbide op Palladium. — Palladium acquires brittleness when fused in 
contact with charcoal. When a plate of palladium is long held in the flame 
of alcohol, carbonaceous excrescences gradually form upon it, which, when 
burned, leave palladium. This property of precipitating charcoal from flame, 
and combining with it, is peculiar to palladium ; platinum and iron only show 
slight indications of it. 

Cyanide op Palladium (PdCy) is formed when a solution of cyanide of 
mercury is added to a neutral solution of palladium : it falls in olive-colored 
or dingy yellow flakes ; this furnishes a method of separating palladium from 
other metals which are incapable of decomposing the cyanide of mercury. 
It dissolves in cyanide of potassium, and f ovms palladio-cyanide of potassium. 
There is also a corresponding ammoniacal salt. 

Tests for the Salts op Palladium.— The fixed alkalies throw down red 
or orange precipitates from the solutions of palladium, sparingly soluble in 
excess of the alkali. Ferrocyanide of potassium gives an olive-green preci- 
pitate ; and sulphuretted hydrogen one of a dark-brown color. Protochloride 
of tin occasions a brown precipitate in the neutralized solutions of palladium ; 
when dilute, the mixture becomes green. Protosulphate of iron throws down 
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metallic palladium. Cyanide of mercury forms a precipitate in all the salts 
of palladium, when the acid is not in excess. Iodide of potassium occasions 
a black precipitate of iodide of palladium in very dilute solutions. Chloride 
of palladium added to a solution of 1 part of iodide of potassium in 400,000 
of water produces a brown tint. 

Rhodium (11=52). 

After the platinum and palladium have been separated from the nitrohy- 
drochloric solution of the crude ore, by sal-ammoniac and cyanide of mer- 
cury, and any excess of the cyanide has been decomposed by the addition of 
hydrochloric acid, chloride of sodium is added, and the liquor evaporated to 
dryness ; the residue is then digested in alcohol, which leaves a red insoluble 
double chloride of sodiuin and rhodium. When this is dissolved in water, 
and a plate of zinc immersed, metallic rhodium is thrown down ; or the 
double chloride may be at once decomposed by heating it in a current of 
hydrogen. 

Rhodium, discovered by Wollaston in 1808, is a white metal very difficult 
of fusion, and extremely hard and brittle. When pure, the acids do not 
dissolve it, but they act upon several of its alloys. It may be oxidized by 
ignition either with nitre or with bisulphate of potassa, and, when heated 
with the latter, a double sulphate of peroxide of rhodium and potassa is 
produced. It may be oxidized by the joint action of heat and air, but the 
protoxide =110, has not been examined in an isolated state. The salifiable 
oxide is R3O3. 

Sesquioxide of Rhodium (R^Og). — This oxide is obtained by heating 
finely-divided rhodium with caustic potassa and a little nitre to redness in a 
silver crucible, washing the product, and digesting it in hydrochloric acid : 
a greenish-gray hydrated oxide remains, which is insoluble in acids. 

Protochloride of Rhodium (RCl) is obtained by passing dry chlorine 
over heated protosulphide of rhodium : it is reduced when heated in hy- 
drogen. 

Sesquichloride of Rhodium (RqCL) is obtained by adding fluosilicic acid 
to an aqueous solution of rhodiochloride of potassium, filtering, evaporating, 
dissolving the residue in water, and evaporating again with the addition of 
hydrochloric acid. This is a dark-brown compound, which deliquesces on 
exposure to air, and forms a red solution with water, and with alcohol. This 
chloride combines with many other chlorides to form double salts {Rhodio- 
chlorides), which are of a red color: hence the name of the metal. 

Rhodiochloride of Ammonium; Ammonio- sesquichloride of Rhodium 
(2(NH4Cl)R3Cl3), is obtained by evaporating a mixed solution of chloride 
of rhodium and sal-ammoniac : it forms brilliant garnet-colored prisms, 
which, when decomposed by heat, leave 31 per cent, of rhodium. 

Protosulphide of Rhodium (RS) is obtained by heating the ammonio- 
chloride with sulphur : when heated in the air it leaves spongy rhodium. 

Sesquisulphide op Rhodium (RgSg) is thrown down ih the form of a brown 
hydrate, by adding hydrosulphate of ammonia to a hot solution of rhodio- 
chloride of sodium. 

Characters of the Salts of Rhodium. — The salts of the sesquioxide 
are mostly red ; they are reducible by hydrogen and by zinc ; sulphuretted 
hydrogen occasions a brown, and ammonia a yellow, precipitate in them. A 
hydrated oxide of rhodium, of a red-brown color, is thrown down by lime- 
water from a solution of the sesquichloride of rhodium in hydrochloric acid. 
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Ruthenium (Ru=52). 

This is one of the metals remaining in that portion of the ore of platinum 
which resists the reaction of aqua regia : it has been imperfectly examined, 
but is stated to be hard, brittle, infusible in the oxyhydrogen flame, but 
readily oxidized by fusion with nitre, and furnishing four oxides. Of these, 
the peroxide, or Euthenic acid (RuOg), is produced when the other oxides 
are heated with nitre. The sesquioxide (RUgOg) is obtained by heating the 
metal in the air : it forms soluble yellow salts with the acids, from which the 
alkalies throw it down in the form of a brown hydrate. 

When a solution of sesquichloride of ruthenium is decomposed by sulphu- 
retted hydrogen, a brown sulphide falls, and the supernatant liquid retains a 
protochloride in solution, and is of a bright blue color : this is the most 
marked character of the metal. 

Osmium (Os=100). 

Osmium and iridium, discovered by Tennant in 1803, are also contained 
in the residue of the action of nitrohydrochloric acid upon the ore of plati- 
num. This residue, when fused with potassa and washed, furnishes a yellow 
alkaline solution of oxide of osmium, which, when saturated by sulphuric 
acid and distilled, yields a colorless solution of this oxide, from which 
almost all the other metals throw down metallic osmium. 

Obtained by precipitation, osmium is in the form of a black powder, which 
acquires a metallic lustre by friction. In its densest state, the sp. gr. of this 
metal appears to equal, or even slightly exceed, that of platinum. 

When heated in the air osmium burns into an oxide, and exhales poisonous 
fumes having a peculiar odor, somewhat like that of chlorine ; hence the 
name of the metal (from ocy^u^J, odor), and most of its compounds may be 
recognized by exhaling this odor when heated with a little carbonate of soda 
before the blowpipe. It forms five oxides. 

Protoxide of Osmium (OsO) is obtained by the action of pure alkalies on 
the protochloride : it falls in the forms of a nearly black hydrate, obstinately 
retaining a portion of alkali ; it dissolves slowly in the acids, forming deep- 
green or greenish-brown solutions. 

Sesquioxide or Osmium (Os^Og) has not been isolated, but is produced 
when the peroxide is heated with excess of ammonia. 

BiNOXiDE OF Osmium (OsO^). — When a solution of bichloride of osmium 
is heated with carbonate of soda, the binoxide falls in the form of a dark 
gray powder. 

Teroxide of Osmium (OsOg) is assumed to exist in certain salts of this 
metal, but it has not been isolated. It has the properties of a weak acid. 

Peroxide of Osmium; Osmio Acid (OsOJ is the volatile oxide above 
adverted to, and is obtained by the combustion of the metal in oxygen, by 
the action of boiling nitric acid, or by the fusion of osmium with nitre or 
with potassa. When osmium is heated, and a current of oxygen passed 
over it, yellowish crystals of the anhydrous peroxide are formed : these 
dissolve slowly in water, and readily in alcohol and ether ; the solutions 
stain the skin black, and gradually deposit metallic osmium. It is reduced 
by sulphuretted hydrogen, and sulphide of osmium is formed. It has no 
acid reaction, but it combines with alkalies, and forms compounds which are 
permanent at high temperatures. When infusion of galls is dropped into 
its aqueous solution, a characteristic blue color is produced. 

Chlorides of Osmium. — Pour chlorides of this metal have been described. 
When chlorine is transmitted over heated osmium, a dark green sublimate 
of protochloride of osmium is the result. This is succeeded by a red 
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sublimate, which is the hicMoride. The sesquichloride and percMoride have 
not been obtained in a separate state, but form double salts with chloride of 
potassium. 

Sulphides op Osmium. — Sulphur and osmium apparently combine in 
several proportions, for sulphuretted hydrogen precipitates it from all its 
solutions. 

The remaining compounds of this remarkable metal have not been 
minutely examined, but the characters of its salts will be sufficiently obvious 
from the preceding statements. 

Iridium (Ir=99). 

The alloy of Iridium and Osmium remaining after the ore of platinum has 
been digested in aqua regia, may be decomposed by fusing it with chloride 
of sodium,, and then passing chlorine over the mixture, in a tube heated to 
dull redness ; the resulting product is then digested in boiling water, and 
the filtered solution concentrated, mixed with nitric acid, and distilled ; 
osmic acid passes over, and iridio-chloride of sodium remains, which, by the 
addition of sal-ammoniac, yields a precipitate of iridiO' chloride of ammonium : 
this double salt is decomposed by heat, and metallic iridium remains. 

Iridium is a hard, white, brittle metal, extremely difficult of fusion. It is 
not acted upon by acids, but its alloy with platinum is soluble in aqua regia, 
and it is oxidized when fused with nitre. "When in a very finely-divided state, 
it has properties resembling those of platinum black. 

Oxides of Iridium. — There are three oxides of this metal, the solutions 
of which are of various colors : hence the name Iridium (from Iris, the 
rainbow) applied to it. The protoxide is thrown down by the action of 
potassa on the protochloride, in the form of a black powder, nearly insoluble 
in acids, but yielding, with potassa, a blue or purple solution. The sesqui- 
oxide is formed by fusing iridium with nitre. In its hydrated state, it is 
soluble in hydrochloric acid, giving a blue solution, which becomes green, 
and brown when heated. The hinoxide falls as a blue hydrate, when a 
solution of bichloride of iridium is boiled with potassa. 

Chlorides op Iridium. — ^\iq protochloride is formed by heated iridium In 
chlorine : it is of a dark olive color, and forms double salts with the alkaline 
chlorides. The sesquichloride, formed by dissolving the sesquioxide in 
hydrochloric acid, also produces double salts. The bichloride aLso forms 
double salts with other chlorides, many of \fhich resemble the corresponding 
platinum compounds. The iridio-hichloride of ammonium is remarkable for 
the intense brownish-red color of its solution : it is said to communicate a 
decided tint to 40,000 parts of water. 

Alloys op Iridium. — The greater number of these alloys, when digested 
in nitric acid, leave iridium ; but nitrohydrochloric acid dissolves them when 
the proportion of iridium is not considerable. The native alloy of iridium 
and osmium forms small crystals of much lustre, harder than steel, and as 
refractory as iridium. 

In consequence of the difficult fusibility of iridium, and of the native 
alloy, grains of it are sometimes diffused through ingots of gold, and remain 
after a number of successive fusions. In coined gold moneys, it occasionally 
happens that one or more of these grains may be discerned ; and where 
large quantities of gold are melted, they sink to the bottom of the crucible, 
so that in great gold coinages at the Mint, it has occasionally happened that 
several ounces of the ore of iridium have been thus accumulated. 

There are some peculiarities belonging to the six preceding metals — 
namely, platinum and its associates — which deserve notice, in reference to 
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their atomic weights and their specific gravities, and which have led to their 
division into two groups of three each, as follows : — 

Sp. gr. Atom. Wt. Sp. gr. Atom. Wt. 

Platinum . . 21.15 99 Palladium . .11-8 54 

Iridium . . 21-15 99 Rhodium . . 12'0 52 

Osmium * . 21-40 100 Ruthenium . . 11-3 52 

It will be observed that the specific gravities and atomic weights of the 
first group are almost identical; so also are those of the second group, the 
specific gravities and atomic weights of which are almost precisely one-half 
of those of the first group. 



CHAPTER XLII. 

QUALITATIVE ANALYSIS OF THE MOST IMPORTANT OF 
THE PRECEDING METALS. 

In giving a summary of the methods of detecting the salts of the metals, 
not included in the 28th chapter, we propose making a selection of those 
which are more likely to fall in the way of a student. They may be repre- 
sented by the following eighteen bodies : iron, manganese, zinc, tin, cad- 
mium, lead, copper, bismuth, cobalt, nickel, chromium, uranium, antimony, 
arsenic, mercury, silver, gold, and platinum. They are here given in the 
order in which they have been treated in this volume. Referring in this 
place to the solutions of their salts, and to those compounds which are solu- 
ble, we may observe that many may be at once recognized by their peculiar 
colors, even when the liquids are much diluted. These are the salts of iron, 
manganese, copper, cobalt, nickel, chromium, uranium, gold and platinum. 

The reagents which may be selected for the qualitative analysis of these 
metals are, sulphuretted hydrogen, hydrosulphate of ammonia, iodide of po- 
tassium, hydrochloric acid, ammonia, and ferrocyanide of potassium. 

Among the general reagents employed in the analysis of metals, there is 
none so useful as sulphuretted hydrogen. The gas should be washed, and 
passed in a current into the suspected liquid, previously acidulated with hy- 
drochloric acid. It produces in the liquid either a change of color or a 
colored precipitate (sulphide), which may be then easily identified by certain 
special characters. 

The following metallic oxides are precipitated as sulphides from their so- 
lutions, of the colors mentioned below. 

YeUow. Orange red. 



AsOg CdO 
AsO. SnO, 



Arsenious acid is precipitated of a golden-yellow color, immediately : 
arsenic acid of a paler yellow color, slowly ; oxide of cadmium is thrown 
down of a sulphur-yellow color ; and peroxide of tin of a yellowish-brown 
color. The two arsenical sulphides are recognized by their entire solubility 
in ammonia, or in its hydrosulphate, as well as in a solution of potassa ; and 
by their insolubility in strong hydrochloric acid. The sulphide of cadmium 
is insoluble in ammonia, potassa, and hydrosulphate of ammonia, but is dis- 
solved readily by strong hydrochloric acid. The sulphide of tin is not solu- 
ble in ammonia, but is dissolved by the hydrosulphate, and by hydrochloric 
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acid. The Tiydrosul'phate of ammonia may be at once employed to divide 
the four oxides, which produce yellow sulphides, into two groups. For this 
purpose no hydrochloric acid should be added to the suspected liquids. 
The hydrosulphate produces no precipitate in solutions of arsenious and 
arsenic acids, but it precipitates at once the oxide of cadmium, and peroxide 
of tin. The sulphide of tin is distinguished from that of cadmium, not only 
by a striking difference of color, but by the fact that it is quite soluble in an 
excess of the hydrosulphate, while the sulphide of cadmium is insoluble in 
that liquid. The means of distinguishing arsenious from arsenic acid have 
been elsewhere fully explained (pages 443, 444). An orange-red precipitate 
is peculiar to antimony, whether the oxide is combined with a mineral or a 
vegetable acid. The precipitated sulphide is insoluble in ammonia. The 
antimonial compounds are similarly precipitated by hydrosulphate of ammo- 
nia, the orange-red sulphide being soluble in an excess of reagent. 

The acid solutions of the following metals are precipitated or colored by 
a current of sulphuretted hydrogen : — 

Precip. brown or black hj Sulphuretted Hydrogen. 



Hg O PbO SnO 

HggO CuO A11O3 

Ag BiOs PtOj 



The persalts of mercury are thrown down at first of a yellowish color : the 
precipitate becomes black, only when the sulphuretted hydrogen has been 
passed into the liquid in large excess. . Lead is not readily precipitated from 
very acid solutions ; a solution of platinum is deepened in color by the gas, 
and only slowly precipitated. 

Among the metallic oxides in this list, a salt of copper would be recog- 
nized by its blue color, a compound of gold by its rich yellow, and of pla- 
tinum by its red-brown color. The application of ammonia, or the ferrocy- 
anide of potassium, would serve to identify a cupreous salt. {See Copper, 
page 394.) A solution of potassa would precipitate platinum, and not 
gold ; while a solution of protosulphate of iron would precipitate gold (in a 
metallic state), and would not affect a solution of platinum. 

The solutions of the remaining metallic oxides are colorless. One of these 
(bismuth) may be distinguished by the solution giving a white precipitate 
when added to distilled water. This precipitate is not dissolved by a solu- 
tion of tartaric acid. (See Bismuth, p. 407.) 

The solutions of the other metals, much diluted, may be treated with a 
solution of iodide of potassium : they are then precipitated as iodides, of the 
following colors : Subsalts of mercury, yellow (insoluble in hydrochloric 
acid, and in potassa) ; persalts of mercury, scarlet (soluble in an excess of 
the reagent); salts of silver, pale yellow (insoluble in, but rendered white 
by ammonia); of lead, bright yellow (soluble in hydrochloric acid, and in 
potassa) ; the salts of protoxide of tin, pale yellow (soluble in hydrochloric 
acid, and potassa) ; the salts of bismuth produce a brown precipitate soluble 
in an excess of the iodide. 

Although the solutions of copper, gold, and platinum, have been already 
excluded from the group, by color and their chemical properties, it may 
be desirable to place here the results produced by the addition of iodide of 
potassium to their diluted solutions. With a salt of copper, the iodide pro- 
duces a yellow-brown precipitate of subiodide of copper ; with gold, a yellow- 
green precipitate, iodine being set free; and with platinum, a deep wine-red 
colored liquid, which, on being heated, deposits platinum in a metallic state. 
The whole of the metals in this group are precipitated by hydrosulphate of 
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ammonia, as brown or black sulphides. Of these, three only, the protoxide 
of tin, and the peroxides of gold and platinum, are dissolved by an excess 
of the reagent. The sulphide of tin requires a large excess for solution. 
Hydrochloric acid also serves as an eliminating test for the colorless metallic 
solutions of this group : — 

Precipitated white. Not precipitated. 



Hg20 AgO PbO HgO BiOg SnO 

The white precipitate given by lead, is soluble in boiling water: it is also 
dissolved with or without the aid of heat, by a solution of potassa, and by 
strong hydrochloric acid. The white precipitates, given by suboxide of 
mercury and oxide of silver, are insoluble in water, potassa, and in hydro- 
chloric acid. The precipitated subchloride from suboxide of mercury is not 
soluble in ammonia, but is blackened by that alkali. The precipitated chlo- 
ride of silver is quite soluble in ammonia, forming a colorless solution. Of 
the three not precipitated by the acid, a persalt of mercury is recognized by 
the black precipitate of metallic mercury given on the addition of a protosalt 
of tin ; and a protosalt of tin by a similar precipitate being produced when 
a persalt of mercury is added to its solution. Bismuth may be recognized 
by the precipitate which it gives on the addition of water (p. 407.) 

We have thus disposed of eleven metals of the selected group. The 
remaining seven are not precipitated by a current of sulphuretted hydrogen^ 
in solutions acidulated with hydrochloric acid. 

Not precipitated by Sulphuretted Hydrogen. 



Fe NiO MnO 

Fe.O„ CoO U.O. 



Cr O3 ZnO 

When sulphuretted hydrogen is passed into a solution of peroxide of iron, 
the persalts are reduced to the state of protosalts, and there is a milky-white 
deposit of sulphur. In the salts of chromic acid, a green color is produced 
from the production of green oxide of chromium, which is dissolved in the 
acid liquid, and sulphur is separated. 

Hydrosulphate of ammonia precipitates the whole of these metallic 
solutions : — 

p. black or hro-wn. Green. White. Keddish-white. 



FeO CoO CrOg ZnO MnO 

Fe^Og U2O3 

MO 

Black sulphide of iron is produced by this test in salts of the protoxide 
and peroxide, a small quantity being suspended, and giving a greenish color 
to the liquid. When exposed to air, these precipitates are rapidly converted 
into reddish-brown hydrated peroxide of iron. In undergoing this rapid 
change by exposure to air, they are distinguished from the sulphides of nickel 
and cobalt. These precipitates are not soluble in an excess of the reagent. 
The Qther three metallic oxides are sufficiently characterized by the colors 
of their sulphides. 

1^\\Q ferrocyanide and ferricyanide of potassium may be here employed as 
useful eliminating reagents. The protosalts of iron are precipitated white 
or bluish-white by ferrocyanide, and deep blue by ferricyanide of potassiume 
The persalts are precipitated of a deep blue color by ferrocyanide, but not 
by ferricyanide of potassium ; this liquid merely imparts to them a deep 
greenish tint. Ferrocyanide of potassium produces in the salts of nickel, a 
pale green precipitate, in the salts of cobalt, a dingy olive-green precipitate^ 
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and in the salts of peroxide of uranium, a deep red color or precipitate, 
resembling that produced in solutions of salts of copper. The cupreous 
precipitate is dissolved by ammonia with the production of a blue color, 
while the uranium precipitate is dissolved by this all^aline liquid, with the 
production of a pale yellow color. The action of this test upon the other 
members of this group, may be thus described. Oxide of zinc gives a white, 
and oxide of manganese a reddish-white precipitate. The presence of copper 
or iron, as an impurity, in these liquids, will of course affect the colors of 
the precipitates. A chromate is neither changed in color nor precipitated : 
a bichromate acquires a darker color. 

Ferrocyanide of potassium is also useful as a general test. We subjoin a 
table of its reactions on the eighteen metals which have been here selected 
for qualitative analysis. The greater number of these metallic solutions are 
precipitated white, or of shades of white ; some are not precipitated ; while 
a few are thrown down of peculiar colors, by which they may in general be 
identified. 

Not precipitated \>j ferrocyanide of potassium. 



AsOg AsOg 


SbOg CrOg 


AuOg 


PtOg 


With tartaric acid. Emerald green Pale green 

color. color. 

Precipitated white Iby ferrocyanide of potassium. 


SbOg 

SbOg 

Ago 

Reddish-white. 


Hg Bi03 

HggO SnO 

Pb Sn02 

Claret-red. Blue. 




FeO 
ZnO 
CdO 

Pale-green. 


MnO. 


CuO. U2O3. F2O3. 


NiO. CoO. 



The oxides of antimony combined with organic acids, are not precipitated 
by this test. 

The insoluble compounds of the metals may be brought into solution with 
hydrochloric or nitric acid ; and the solutions, properly diluted, may then be 
submitted to the action of the tests here described. 

The object of these rules is to point out the base, or oxide of the metal. 
When this has been indicated, the tests of a special kind, which are described 
under each metal, may then be applied. 



Thallium. — Mr. Crookes has announced, as the result of spectrum- 
analysis, the existence of a new metal, which he has called Thallium. It is 
characterized by its vapor producing only one green line in the spectrum. 
He found it in certain kinds of sulphur, and has succeeded in obtaining it 
by electrolysis in a separate form. In its chemical and physical properties, 
if we except absence of lustre, it is said to bear a resemblance to lead ; but 
it is heavier than this metal, and tarnishes more readily. Samples of this 
substance, the properties of which are yet under investigation, have been 
exhibited at a meeting of the Royal Society, and at the International Exhi- 
bition, 1862. (See Chemical News, July 5, 1862, p. 1.) 
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ORGAIIC CHEMISTRY. 



CHAPTEE XLIII, 

CONSTITUTION AND PROPERTIES OF ORGANIC 
SUBSTANCES. PROXIMATE ANALYSIS. 

Organic Chemistry is that branch of the Science which refers to the 
properties and composition of organized products, or of substances which 
have been formed in vegetables and animals, under the influence of life. 
These products differ remarkably in physical and chemical characters from 
bodies which belong to the Mineral or Inorganic kingdom ; and they may, 
in many cases, be at once distinguished by external appearance. In refer- 
ence to chemical composition, they are also widely different. While they 
are constituted of a smaller number of elements, the atoms of each element 
are in general numerous, and are, at the same time, grouped in more complex 
forms, building up frequently intermediate compounds or proximate princi- 
ples. The greater number of vegetable substances are constituted of only 
three elements, Carbon, Hydrogen, and Oxygen, of which carbon is the prin- 
cipal. Some organic substances contain only tioo elements, CH or CO, the 
compounds of HO being inorganic ; but in these cases, the atoms of each are 
more numerous than in the mineral compounds of the same elements. One 
of the most simple in atomic constitution among organic substances, is pro- 
bably anhydrous oxalic acid. It contains only two elements, and but a 
small number of atoms of each, being represented by the formula C3O3. In 
this simple state, however, it includes an atom of each of the inorganic 
compounds of the same elements, CO (carbonic oxide), and CO3 (carbonic 
acid). The alkaloids, or vegetable alkalies, are at the other end of the 
scale. The most complex contain four elements, of which nitrogen is one ; 
and with the exception of this, the atoms of each element are very numerous. 
Thus morphia, one of the alkaloids of opium, is represented by the following 
complex formula : CggHg^OgN, and its equivalent or combining weight is 292. 
The low saturating power of these organic bases, will account for the high 
numbers by which they are represented. Thus, 292 parts of morphia are 
only equivalent to 4t of potassa, 31 of soda, and IT of ammonia. Other 
bodies, such as the neutral vegetable organic principles, gum, starch, and 
sugar, occupy an intermediate position. They consist of three elements, 
carbon, hydrogen, and oxygen, of which the oxygen and hydrogen are in the 
proportions to form water. Thus, cane-sugar and gum are C^aSnOii, and 
starch, dextrine, and cellulose are C^gH^oO^o, the differences among these 
bodies consisting chiefly in the presence or absence of one or more atoms of 
water. This curious relationship of the oxygen to the hydrogen in these 
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bodies, long since attracted the notice of chemists, and it entered into one of 
the early systems of classification. It is not, however, peculiar to neutral 
substances, but is found occasionally among vegetable acids. Thus anhy- 
drous acetic acid is O4H3O3, and pyrogallic acid is C^JIqOq. It is a mere 
accident of constitution to which no importance can be attached, inasmuch as 
there is no reason to suppose that these elements are combined as water ; 
and it is quite certain that the neutral properties of a compound do not 
depend upon any uniformity in the proportions of oxygen and hydrogen. 

Isomeric Conditions. — The fact that two substances so different in phy- 
sical and chemical properties as gum and sugar, are represented by the same 
number of atoms of the three elements, 0,H,0, at once points to a peculiar 
character among organic products — namely, the frequent occurrence of iso- 
merism among them. The meaning of this term has elsewhere been fully 
explained (p. 19) ; and illustrations of its two principal modifications, poly- 
merism and metamerism, have been given. The word merely expresses the 
fact of a similarity of atomic proportions among different bodies ; and the 
reasonable inference from the existence of this condition is, that the proper- 
ties of organic compounds are referable to a different arrangement of their 
atoms, and not to their relative proportions. The atoms of carbon, oxygen, 
and hydrogen in gum are so numerous, that they admit of being arranged in 
a variety of groups ; and, according to the order of grouping, so may the 
properties vary. Analysis might, therefore, show that two substances were 
identical in composition, while they were at the same time entirely different 
in properties. We agree with the observation of Pelouze and Fremy, that 
in the present state of science, the molecular constitution of bodies and the 
mode of arrangement of their elements, are problems yet unsolved, even with 
respect to the most simple organic substances ; and d fortiori, unsolvable 
with regard to those which are complex. (Traite de Ghimie^ 1861, ii. p. 
463.) 

The non-oxygenated oils of the vegetable kingdom, present a remarkable 
isomeric series. In their ultimate constitution they consist of hydrogen and 
carbon, forming the series of hydrocarbons. Thus oil of turpentine, one of 
the series, has the formula CaoH^g. The oils of lemons, oranges, bergamot, 
camomile, cloves, and thyme are represented by the same formula (CaoH^e) 5 
and the differences existing among these oils can only be referred to a dif- 
ferent molecular arrangement of the carbon and hydrogen. 

This complex atomic constitution leads to results which may be regarded 
as peculiar to organic chemistry — namely, the variety of artificial products 
which may be obtained from them by different methods of treatment. Thus, 
in reference to the effects of heat^ some are volatilized without decomposition 
(benzoic acid) ; others are entirely decomposed, as gum, starch, and sugar, 
yielding compounds which vary in their nature, according to the temperature 
applied ; while a third class, at a heat below redness, are converted into new 
and stable compounds, simply by the loss of the elements either of water or 
of carbonic acid. When gallic acid is converted into pyrogallic acid by 
heating it to about 410^, carbonic acid is evolved, and the new acid is sub- 
limed in crystals : — 



Gallic acid. Pyrogallic acid. Carbonic acid. 

Again, when pyrogallic acid itself is heated to a still higher temperature 
(482^), it is resolved into water, and a black amorphous insoluble compound, 
which is called metagallic or gallulmic acid : — 
32 
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C.^HgOs = 2H0 + Cj^H.O, 



Pyrogallic acid. Metagallic acid. 

So, when malic acid is converted by heat into maleic acid, water is evolyed. 
Thus— 

^HgO.o^ = ^8H40^ + 2H0 

Malic acid, Maleic acid. 

The organic acid is thus entirely transformed, partly into a new pyrogenous 
acid, and partly into water or carbonic acid, without leaving, in a carefully 
conducted experiment, any trace of carbon in the retort. (Pelouzb.) The 
influence of heat in causing the re-arrangement of the elements of hydrated 
cyanate of ammonia, and its conversion into a neutral organic base, urea, has 
been already pointed out (p. 18). The conversion of starch and gum into 
sugar, and the transformation of cane-sugar into grape-sugar, when these 
substances are heated, or merely agitated with diluted acids, furnish other 
illustrations of the facility with which a new arrangement of atoms is 
produced, and tend to confirm the corectness of chemical views regarding 
the isomeric constitution of these bodies. The production of oxalic acid 
by treating sugar with nitric acid, or by acting on sawdust (woody-fibre) 
with potassa at a low temperature, proves not only the facility of change, 
but the very different chemical methods by which this change may be 
brought about. It would be easy to multipy instances of this kind, by 
referring to the action of some of the metalloids, as well as of their com- 
pounds, on organic substances. The range of organic chemistry has been 
of late years almost infinitely extended to the application of this simple 
method of research. 

Eduots and Products. — The products, or those substances which result 
from artificial processes, are far more numerous than the educts, or proximate 
principles of which organic compounds are considered to be formed. These 
educts, which, as their name implies, may be extracted in an unaltered state, 
are the immediate ov proximate principles of the vegetable or animal struc- 
ture ; and the means of separating them, or determining their proportion, 
constitutes an important branch of chemical research, known as proximate 
analysis. The elementary analysis of wood would merely indicate the pre- 
sence of carbon, hydrogen, and oxygen (C,H,0) : but its principal proxi- 
mate constituents, or the educts^ which may be extracted from it without 
change of properties, are gum, resin, and woody fibre, each of which would 
yield the same elements as the original wood, but in proportions varying 
slightly with each substance. If we compare Boussingault's analysis of the 
grain of wheat and of wheat-straw, we shall find but little difference in the 
proportion of the elements, although the former contains nutritious prin- 
ciples in the form of starch, gluten, dextrine, and sugar; while the latter 
consists chiefly of woody fibre, and contains but little nutrient matter. 
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Educts, when separated, are possessed of peculiar physical and chemical 
properties by which they may be identified, and it is to the accurate study 
of these, as well as a knowledge of their elementary composition, that we 
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owe the numerous additions which have been made to this branch of science. 
To take a simple illustration, gum is an educt : its constitution is similar to 
that of cane-sugar {(jiJ^tfi^^- When 1 part of gum is boiled with 4 parts 
of nitric acid (sp, gr. 1-38) and 1 part of water, it loses 3 atoms of hydrogen, 
acquires 3 atoms of oxygen, and is transformed into a white uncrystalline 
and comparatively insoluble substance — mucic acid {Q ^^^0 ^^,'^'KO) , This 
compound, when moderately heated, is converted, like gallic acid, into a vola- 
tile pyrogenous acid, while carbonic acid and water escape. 

C,2H80j42HO = C,oH305,HO + 2C0, + 6H0 

Mucic acid. Pyromucio acid. Carbonic acid. Water. 

When the isomeric compound, cane-sugar (C^gHuO,!), is similarly treated — 
i. e., when 1 part of sugar is boiled in SJ parts of nitric acid (sp. gr. 1*38), 
and the liquid is concentrated— an acid of a totally different nature is ob- 
tained, namely, the oxalic (Gfis). Both gum and cane-sugar are convertible 
into grape-sugar, O^^lBi^fl^^, or C^gHiaO^^^HO, by the same process, ^. e., by 
heating them in diluted sulphuric acid. In this conversion, three atoms of 
water are fixed. From gum, therefore, as an educt, we may obtain mucic 
acid, pyromucic acid, and grape-sugar, as products; and from cane-sugar, 
oxalic acid, and grape-sugar. By slightly varying the methods of treatment, 
other products may be obtained. Thus woody fibre, or cellulose (CjaH^oOio), 
when heated with potassa, is converted into oxalic acid ; but when treated 
with cold sulphuric acid it is transformed into grape-sugar. Under the 
action of nitric acid, water is produced at the expense of a part of the hy- 
drogen ; and for each atom of hydrogen lost, one atom of nitrous acid (NO4) 
enters into combination. Gun-cotton is the result of this chemical substitu- 
tion of nitrous acid for hydrogen. 

Some bodies which exist naturally in the vegetable structure, and are re- 
garded as educts, may be artificially produced by a reaction of mineral. on 
organic substances. In all cases, however, either an organic substance, or a 
body derived from the organic kingdom, is indispensable to this conversion. 
Hydrocyanic acid may be regarded as an organic product. The materials 
for its production, on contact with water, exist in the bitter almond, the 
kernels of the peach, the seeds of the apple, and other fruits of a similar 
kind, as well as in the root of the plant from which tapioca is obtained 
{Jatropha manihot), and in the shoots and leaves of the laurel and bay-trees. 
The principal sources of hydrocyanic acid are, however, certain metallic 
cyanides (page 265). But these compounds have an organic origin: they 
are the products of a reaction of organic upon inorganic substances; hence 
the production of hydrocyanic acid by their decomposition furnishes no ex- 
ception to the remark above made. Under this point of view, the production 
of artificial urea from hydrated cyanate of ammonia is simply a conversion 
of cyanic acid (a derivative of an organic substance) into another organic 
compound. By no processes yet known, can gum, starch, or sugar, be pro- 
duced from their elementary constituents (OHO); and, by the production of 
alcohol from a mixture of sulphuric acid, olefiant gas, and water, Berthelot 
has merely proved that a hydrocarbon of organic origin, or one derived from 
organic matter, is capable of being converted jnto another organic product. 
Olefiant gas is obtained by a reaction of sulphuric acid on alcohol (page 258), 
and Berthelot's ingenious experiment proves that when olefient gas is dis- 
solved in sulphuric acid, and this is mixed with water and distilled, alcohol 
is reproduced. This is a simple case of synthesis. Another source of ole- 
fiant gas is coal ; but of the organic origin of this substance no doubt can 
be entertained. 
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There appears to be scarcely a limit to this power of transforming one 
organic substance into another, and thus producing compounds analogous 
to educts, or those which are formed by nature. Oxalic acid is a natural 
constituent of the leaves of sorrel and of the rhubarb plant {Rheum rhapon- 
ticum) ; but, as above stated, it is an artificial product of the reaction of 
potassa on woody fibre, and of nitric acid on sugar. The formic acid, 
which exists naturally in the body of the red ant, and as there is reason to 
believe in the poison of the wasp and bee, is readily procured by the action 
of sulphuric acid and peroxide of manganese on gum, starch, sugar, or tartaric 
acid. It may also be procured by a reaction of peroxide of lead on tartaric 
acid. Glucose, or grape-sugar, which exists in the grape and other fruits, is 
produced in large quantity by the reaction of diluted sulphuric acid on starch. 
By other processes, succinic acid, which is naturally contained in amber, is 
produced by the action of nitric acid on certain fatty substances : butyric 
acid is a product of the fermentation of grape-sugar ; and lactic acid is pro- 
duced by the fermentation of grape-sugar and sugar of milk. 

The instability which characterizes organic products seems in a great 
measure to arise out of the peculiarities of their atomic constitution; and 
accordingly we find that, under circumstances in which inorganic compounds 
remain unchanged, organic substances are subject to a variety of changes, 
the tendency of these being generally such as to terminate in the production 
of binary compounds. The complicated phenomena of fermentation, putre- 
faction, and decay (page 89) will illustrate these tendencies; and the very 
existence of organization is intimately dependent upon them. In these cases 
several intermediate stages are often passed through, but the principal ulti- 
mate results are the production of carhonic acid, water^ and ammonia. 
These form the chief food of vegetables ; and when absorbed either from the 
atmosphere or from the soil, they furnish carbon, hydrogen, oxygen, and 
nitrogen, again to be elaborated into *' proximate organic principles" by the 
vital powers of the plant. It is only under such conditions, that vegetables 
can assimilate the materials of which their fabrics are built up ; and, in fact, 
so combine them as to form the proximate components of the animal frame ; 
while, on the other hand, the animal functions work in an opposite direction, 
and produce the above-mentioned binary compounds. Thus are the ten- 
dencies of the animal and vegetable kingdoms found to work in diametrically 
opposite directions; the former decomposing and destructive, the latter 
composing and regenerative. Strictly speaking, the two kingdoms may be 
regarded as supplementary to each other; that which the vegetable ejects, 
is necessary to animal existence; and that which the animal eliminates, is 
necessary to the vegetable. No plant could grow and thrive without carbonic 
acid and water, and no animal could live without oxygen. The vegetable, 
therefore, lives by a process of deoxidation, and the animal by a process of 
oxidation. The vegetable may be regarded as the living chemical laboratory 
which prepares the food for the animal. Water and chloride of sodium 
appear to be the only mineral substances which are employed as food by 
animals. Other substances used as food, are derived either from plants or 
animals. 

Spontaneous Changes. — Probably there is no greater difference between 
organic and inorganic substances than that spontaneous tendency to change 
which is manifested by the former, and to which the term fermentation is 
somewhat loosely applied. By exposure to air, and at a moderate tempera- 
ture, in the presence of a body which is called a ferment^ sugar is spontane- 
ously converted into alcohol and carbonic acid ; and alcohol into acetic acid 
and water. There are other remarkable conversions of an analogous kind, 
by which gallic, lactic, butyric, and hydrocyanic acids, are produced from 
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substances which either do not originally contain them, or contained them 
only in small quantity. These changes frequently consist in the simple 
absorption or fixation of oxygen. Thus the essential oil of bitter almonds 
is converted, by exposure to air, into benzoic acid (page 86); ether, from 
being neutral, is partially changed into acetic acid, and acquires an acid 
reaction. The gallic and pyrogallic acids when dissolved in water and 
exposed to air, rapidly absorb oxygen, and are converted into dark-brown 
oxidized compounds. This change takes place with great rapidity when 
the acids are mixed with an excess of any alkaline base. Chemists employ 
a solution of this kind as a ready method for absorbing oxygen (page 91). 
When pyrogallic acid is dissolved in neutral ether, it has no acid reaction if 
kept from air; but when oxygen has free access to it, litmus-paper moistened 
with the liquid, becomes reddened by the absorption of this element, show- 
ing that an acid is produced, although in the absence of pyrogallic acid, the 
liquid simply evaporates without reddening the paper. Woody fibre is 
transformed by oxidation into a brown insoluble compound called humus, 
and carbonic acid is evolved, constituting that condition which has been 
described as eremacausis (page 89). In place of the oxygen entering into 
combination with the new compound, or being evolved as carbonic acid, it 
may operate by removing part of the hydrogen and producing water. The 
transformation of white to blue indigo by exposure to air, is considered to 
be dependent on a change of this kind : — 

^leHgO^N^ + = HO + ^,6^50,1^ 
White indigo. Blue indigo. 

The operation oi \hQ ferment m some of these metamorphoses, appears to he 
of a catalytic kind (page 64). It takes no absolute share in the changes, 
but it induces an altered molecular arrangement in other bodies. In refer- 
ence to the oxidation of bodies, the ferment may even be replaced by a 
mineral substance — platinum-black— which has the power, under a moderate 
access of air, of rapidly transforming alcohol into water and acetic acid 
(C^HgOa 4-04=3110-1-0411303); and of converting wood-spirit into water 
and formic acid; {Q^B.fi^+0^^^^0-^QMO^). These facts show that a 
ferment, in certain cases, operates, like platinum-black, merely as a medium 
for transferring oxygen. 

The living animal body furnishes numerous illustrations of the facility 
with which certain organic substances pass and repass into each other. 
Among these, there is probably none more striking than the conversion of 
benzoic acid (C14H3O3) into hippuric acid (CjgHg05N,H0). A small quan- 
tity of benzoic acid, when taken into the system, is eliminated in the urine as 
hippuric acid. The hippuric acid naturally contained in the urine of the 
horse, slowly disappears, and is spontaneously changed, by a species of fer- 
mentation, into the benzoic. The condition of the animal appears to favor 
the production of one or the other acid, according to circumstances. Thus 
when the animal is kept at rest, hippuric acid is abundant; but when vio- 
lently exercised, this is replaced by the benzoic. This transformation, 
whether viewed as the result of changes in the living animal, or of fermen- 
tation out of the body, is the more remarkable, inasmuch as the two acids 
have no isomeric relations, and appear to have no analogous composition. 
In some instances we obtain a key to this conversion, and can imitate the 
process. When a mixture of gelatinous starch is heated for a few minutes 
to a temperature of about 90^, with a small quantity of saliva, or of the 
vegetable principle diastase^ it will be found that the starch has become 
partially converted into grape-sugar by a fixation of the elements of water. 
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It is worthy of remark that sulphurous acid and sulphites have a tendency 
to prevent these changes, probably by absorbing and removing oxygen. 
It has been long known that sulphurous acid had the power of arresting 
the conversion of sugar into alcohol, and of alcohol into acetic acid ; but 
it operates with equal effect in preventing the conversion of starch into 
sugar by saliva and diastase. Some of these spontaneous changes are of a 
complex character, and take place in close vessels irrespective of the ab- 
sorption of oxygen. Thus pyroxyline (gun-cotton or paper) is sometimes 
resolved, without any apparent cause, into nitrous and hydrocyanic acids. 

Proximate Analysis. — An organic substance frequently contains a cer- 
tain proportion of water as well as of mineral matters. The leaves of plants 
contain from 80 to 85 per cent, of water, and the soft animal tissues contain 
a very large quantity (p. 130) : to the presence of this water their physical 
properties are mainly due. The driest vegetable powders contain a certaio 
percentage of it, which must be removed before a correct analysis can be 
made. The methods of removing water, and determining the quantity pre- 
sent, have been elsewhere described (p. 134). 

The mineral substances are sometimes in large proportion in the vegetable 
and animal structure. Bone contains about 61, and the teeth 70 per cent 
of mineral matter, in the form of phosphate and carbonate of lime. Shells^ 
and other solid structures of the like nature, are chiefly constituted of car- 
bonate of lime, cemented by animal matter. In certain infusoria, silica is 
very abundant: this substance is also an important constituent of the epi- 
dermis of the reeds and grasses. It forms from 13 to 50 per cent, of the 
ashes of some species of plants (p. 281). It is associated with oxide of 
iron, and sometimes with traces of manganese. Certain salts of lime, potassa, 
soda, and magnesia, are the principal mineral constituents of organic sub- 
stances. The alkalies are generally found in the ash, combined with car- 
bonic acid (a product of the combustion of organic acids) and with sulphuric 
acid ; or in the state of chlorides, iodides, and bromides of the respective 
metals. The alkaline earths are also found as carbonates, but frequently 
associated with the phosphoric, sulphuric, and silicic acids. Lime and oxide 
of iron exist more or less in the ashes of all organic substances ; and the 
metals iron and manganese (the latter rarely) are found in the residue of 
combustion, as oxides. These mineral ingredients, although generally small 
when compared with the weight of the organic constituents, appear to be of 
essential importance to the life of plants, and to the structure of the skel- 
eton in animals. They serve, in the vegetable kingdom, to build up the 
cell-walls for the reception of the organic principles, and they give firm- 
ness and strength to the vegetable structure. Potassa and soda are found 
abundantly in succulent plants. These alkalies exist more or less in com- 
bination with vegetable acids in all plants; and it is to the presence of their 
carbonates that the alkaline reaction of the ashes of vegetables is due. 
Potassa is more abundant in inland, and soda in marine plants ; certain vege- 
tables, such as the Armeria maritima^ Gochlearia officinalis, and Plantago 
mariiima^ produce chiefly potassa when they grow in inland districts, and 
soda when near the sea-coast. It is probable that soda is never entirely 
absent from the ashes of vegetables. Although it cannot be detected by 
ordinary processes of analysis in the ashes of many inland vegetables, includ- 
ing the foliage of trees, its presence has been revealed in every instance by 
the photo-chemical process of Bunsen and Kirchoff. A quantity of sodium, 
amounting to less than the 20,000th part of the weight of the ash, readily 
admits of detection by spectral analysis. Soda is the principal alkali of 
animal compounds : as chloride of sodium, it is found in the ashes of most 
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animal solids and liquids. Lime in combination with phosphoric acid is 
found in all the cereal grains, as well as in potatoes, turnips, chiccory, and 
other roots. The oxalate and carbonate of lime, in a crystalline state, are 
found sometimes in the cells of plants, constituting raphides. Crystals of 
oxalate of lime are found abundantly in the root of rhubarb, and in certain 
cactuses. Iodine and bromine exist as iodides and bromides, not only in 
marine, but in many land plants ; and fluorine has been detected as a con- 
stituent of scurvy-grass {Gochlearia officinalis), and in other plants growing 
near the sea. The only vegetables which, according to Mulder, yield no 
mineral ash or residue, are the mould-plants, formed in saccharine and acid 
liquids. They consist of cellulose with nitrogenous substances. Like the 
acalephm^ or jelly-fish, of the animal kingdom, they are chiefly constituted 
of water, and yield, on drying, merely a trace of solid matter. The pro- 
portion of mineral matter contained in an organic substance varies with its 
nature. We have elsewhere given the proportions of ashes yielded by dif- 
ferent kinds of wood (p. 239). By reference to the analysis of wheat and 
straw (p. 498), it will be seen that the proportion in the straw is threefold 
that of the grain. Certain educts, when separated from the vegetable by 
artificial processes, may be obtained so pure that, on incineration, they 
leave no mineral matter — e. g,, starch and sugar; others, such as gum, are 
always associated with a large quantity of lime, as well as oxide of iron. 
The mineral matters found in vegetables, are considered to have a telluric 
origin ; i. e. , they are supposed to be derived from the soil. Sulphur and 
phosphorus, in combination with oxygen, united to bases, as sulphates and 
phosphates, are found in the earth ; and chlorine, combined with sodium, is 
present in all soils and in all waters. It is probable that plants growing 
near the sea-side derive a large portion of the soda which they contain from the 
diffusion of the chloride in watery vapor in the atmosphere. Marine plants 
and animals derive this salt, chloride of sodium, carbonate of lime (as coral 
or shell), as well as the iodides and bromides of the alkaline metals, directly 
from sea-water. The following list comprises the principal inorganic con- 
stituents of vegetable and animal substances : 8(803). ^(^^s)- Si(Si03). 
Ca(CaO). Mg(MgO). K(KO). Na(]SraO). CI. I.. Br. F. re(re,03). 
and Mn(MnO). 

The chloride of rubidium has been detected by M. Grandeau in the saline 
waters derived from beet-root, associated in minute quantity with chloride of 
potassium. It has also been found in the ashes of tobacco, tea, coffee, and 
in the crude tartar derived from the grape. The colza, cacao, and sugar- 
cane, contained none, although some of the ashes were rich in potassium. By 
spectral analysis, lithium has been detected in the ashes of seaweed, of the 
vine, tobacco, and of numerous other plants growing on the granitic soil of 
Germany. It is stated that it has also been found in the ashes of milk, 
blood, and muscular tissue. Dr. Cameron did not detect it in cereal plants, 
and in some fuci which he examined ; but he found that when lithia was 
added to the soil, the ashes of barley contained this alkali, which had been 
apparently substituted for soda in the plant (Chemical JVews, May 31, 1862). 
It is remarkable that alumina (AlgOg) which is a large constituent of every 
soil, is rarely found in the ashes of vegetables, except as an accidental 
ingredient. The analyses hitherto made show that alumina is not an 
essential constituent of plants, and that it is very rarely present. 

Although plants appear to have generally a power of rejecting noxious 
ingredients, yet in certain cases, substances of a poisonous nature are taken 
from the soil by the roots, and are distributed through their tissues. The 
metals thus absorbed, appear to be deposited there, without injuring the 
growth or vitality of the plant. We have found by direct experiment that 
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the seeds of mustard and cress, grown on a soil containing the disintegrated 
slag of old lead-works, took up a sufficient quantity of lead to allow its 
presence to be readily determined in the grown plants. We also found lead 
in the ashes of many plants and shrubs, and of the grass growing on lead- 
slag, in the valleys of the Mendip hills. Care was taken to remove any 
particles of the soil adhering to the plants. Dr. Cameron states that he 
invariably found lead in the plants grown near lead-smelting works at Bally- 
corus, county of Dublin {Chemical News, June, 1862, p. 315). Dr. Wilson has 
made a similar observation ; and further, that herbage thus impregnated 
with lead, may be a cause of lead-poisoning in cattle {Edinburgh Monthly 
Medical Journal, 1852, vol. xiv. p. 386). The question has been raised 
whether plants can thus imbibe arsenic from the soil ; and this is of some 
importance, inasmuch as arsenical sulphuric acid is largely employed in the 
manufacture of certain manures. The only recorded instances of the 
absorption of this mineral, are in some observations made by Dr. Davy and 
Mr. Horsley. They found that turnips and other vegetables grown on soils 
on which arsenicated manures had been placed, acquired an impregnation of 
arsenic {Philosophical Magazine^ August, 1859, p. 108). Some of the 
lower kinds of plants (confervse) readily grow in certain metallic solutions, 
which are poisonous to animals. A solution of tartar emetic exposed to air 
becomes speedily covered with confervoid growths of a peculiar kind. 
Mould-plants are observed to flourish in solutions of tartaric, citric, gallic, 
and tannic acids, and their compounds, but not in a solution of oxalic acid. 

With respect to the inorganic elements found in the animal kingdom, if 
we except the zoophytes and marine mollusca, these elements may be traced 
to the food of the animal, and not to the medium in which they live. Thus 
all terrestrial animals derive their support either from other animals or from 
vegetables ; hence, except from accidental circumstances, the inorganic com- 
pounds found in animals are the same as those which exist in vegetables. 

The separation of mineral matters from an organic substance may be 
effected by burning a known weight in a platinum crucible. The carbon, 
oxygen, and hydrogen, are thus removed, and the residue, which is a light, 
porous, white, or (if iron is present) reddish-colored ash, can be readily 
weighed. It will probably be found to contain salts, some of which are solu- 
ble in water, and others only dissolved by acids. The larger proportion of 
the ash is generally insoluble in water. Thus of 100 parts of the ashes of 
the oak, only 15 parts are dissolved by water; of the ashes of the box, 24 
parts; and of the ashes of the fir, 1*1 parts. The acids and bases may be 
sought for by the rules laid down at pp. 349 and 492. It has been suggested 
that nitric acid should at once be employed for the removal of these mineral 
substances from the vegetable. In a few cases this may be resorted to ; but 
the most certain method of separation is that of incineration. The presence 
of mineral matter in any organic substance may be readily detected by heat- 
ing a portion of it on thin platinum foil, or in a platinum capsule. If there 
is any difficulty in consuming the carbon, it may be finely powdered, mixed 
with its weight of red oxide of mercury, and heated either in a glass tube or 
porcelain capsule. The proportions of water, mineral, and organic matter, 
in 100 parts of the fresh leaves of the lettuce and nettle, and of the lime^ 
ash; and elm-trees, are derived from recent experiments : — - 

Lettuce. Nettle. Lime. Ash. Elm. 

Water . . . 96-6 ... 79-60 ... 80. ... 75-83 ... 70- 

Mineral matter . . 0-6 ... 2-96 ... 2- ... 1-66 ... 2- 

Organic matter . . 2-8 ... 17-44 ... 18- ... 22-51 ... 28- 

100-0 100-00 100- 100-00 100- 
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The water was determined by spontaneous desiccation and subsequent 
drying at 212^ ; and the ash by careful incineration in platinum : the ash in 
each case was nearly white. It was more or less alkaline, and was found to 
contain carbonic, sulphuric, and traces of phosphoric acid, chlorine, potassa, 
lime, magnesia, and oxide of iron. The elm and nettle-leaves contained the 
largest, and the lime and ash-leaves the smallest proportion of lime and oxide 
of iron. The greatest amount of phosphoric acid was found in the nettle, 
associated with lime. The color-test to flame gave not the slightest indica- 
tion of the presence of soda in any of the leaves. Probably by spectral 
analysis both sodium and rubidium might have been found. 

The proximate analysis of an organic substance may be generally effected 
by various solvents, such as ether, alcohol, or water, successively applied : 
and occasionally sulphide of carbon, benzole, oil of turpentine, or chloro- 
form, may be employed as substitutes for ether. Ether, which should be 
used first, is a solvent of fatty and waxy substances, as well as of resins, 
camphor, and some essential oils. Alcohol is a solvent of resins, and of a 
variety of bodies, upon which ether has but little action ; while water, either 
cold or hot, is an important solvent of many neutral vegetable principles, 
such as gum, sugar, or starch. Vegetable alkalies may be dissolved by di- 
luted acetic, hydrochloric, or sulphuric acid ; and are thus obtained in a state 
for further separation by potassa, ammonia, or lime. Yegetable acids admit 
of separation by potassa, lime, oxide of silver, or lead ; and from the com- 
pounds thus produced, the acid may be procured by a diluted mineral acid, 
or by the decomposition of a vegetable salt of lead by sulphuretted hydro- 
gen. The solvents above mentioned, often remove several substances at one 
time. Those which are of a crystalline nature may be separated either by 
cooling or concentrating the solution to diflferent degrees, or by varying the 
solvent. The new process of dialysis may be also employed for the separ- 
ation of salts from organic matter diffused in water (pp. 46, 134). 

Fractional distillation, as applied to volatile liquids, admits of a more or less 
perfect separation of these liquids, by collecting the products which are con- 
densed at a fixed temperature, or within a range of a few degrees. Thus, 
rectified coal-naphtha consists of a series of volatile oils which boil at tem- 
peratures varying from 140° to 342"^. By condensing the vapors evolved 
at different temperatures, at which the thermometer remained fixed, Mans- 
field found that this liquid might be resolved into five oils, having different 
boiling-points, and possessed of different properties. The oil which boils at 
116°, and is condensed below that temperature, is well known as an im- 
portant product, under the name of benzole (C^gHe)- To this method of 
separation we owe the production of paraffine from the tarry oils obtained 
by the distillation of coal or bituminous schist at a low temperature. These 
remarks apply to the preliminary separation of substances for a further ana- 
lytical investigation. It would be impossible to lay down any general rules 
for the qualitative and quantitative examination of the bodies thus obtained 
in solution, or as a result of distillation. The properties of each organic 
compound must be separately studied, and the tests for its detection, and the 
processes required for its separation, must be well understood, before a suc- 
cessful proximate analysis can be made. The difficulties with which a chemist 
has to contend are, that organic substances are liable to undergo changes by 
mere contact with simple chemical reagents, and that the means of perfect 
separation by precipitants are much more limited than in mineral chemistry. 
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CHAPTER XLIV. 

ULTIMATE OR ELEMENTARY ANALYSIS. 

Organic constituents. — Assuraing that the hygrometric water has been 
removed from an organic substance, and that the proportion of mineral 
matter, if present, has been determined, the next stage is to ascertain the 
nature and proportion of the organic constituents. These are, in the vege- 
table, chiefly three, represented by carbon, hydrogen, and oxygen, occa- 
sionally associated with nitrogen, sulphur, and phosphorus. In the animal, 
they are commonly four — carbon, nitrogen, hydrogen, and oxygen ; and 
more frequently than in the vegetable, associated with sulphur and phos- 
phorus. Garhon is the only element which appears to be essential to an 
organic compound. G-melin has justly observed that each of the other ele- 
ments may be absent from particular compounds ; but no compound, which, 
in all its relations, deserves the name of organic, is destitute of carbon. 
Further, organic compounds are distinguished from the carbon compounds 
of the inorganic kingdom, by containing more than one atom of this element. 
The atoms of carbon in organic formulae are in pairs, or in even numbers. 
The carbon is frequently in such proportion as to be equal to the combined 
weights of oxygen and hydrogen : it is generally in large excess, and is esti- 
mated to form from one-half to two-thirds of the weight of dried organic 
matter. It constitutes 42 per cent, of sugar, 52 per cent, of the weight of 
alcohol, and 87 per cent, of the weight of oil of turpentine. The great 
source of carbon to the vegetable, is the carbonic acid diffused through the 
atmosphere (p. 149.) Although the proportion present in air, is relatively 
small, it is very great when the bulk of the atmosphere is regarded. This 
gas is absorbed by the leaves of plants, and while carbon is partly retained, 
oxygen, carbonic oxide, and carburetted hydrogen (in the proportion of 1*11 
c.i. to 100 of oxygen) are eliminated (p. 245). Boussingalt found that when 
air was passed over the fresh leaves of the vine, the carbonic acid was ab- 
sorbed. The influence of light appears to be necessary for the elimination 
of these gases. The roots of plants also take up a portion of carbonic acid 
in a state of solution in water. 

Test for an Organic Compound. — In determining the question whether a 
substance is of an organic or inorganic nature, a chemist seeks for the presence 
of carbon. jSTo organic substance contains a sufficient quantity of oxygen 
to consume the whole of its carbon and hydrogen 5 hence if the suspected 
solid is heated in a close vessel, so that air can have no access, a black or 
carbonized residue will remain. The experiment may be readily performed 
by heating the substance in a small glass tube. If organic — e.g.^ starch — it 
will be carbonized : if inorganic — e.g., sulphate of lime — it will remain 
unchanged. Yolatile bodies— such as the oxalic and benzoic acids, alcohol, 
ether, and acetic acid — require a different method of treatment. Some are 
entirely, and others are only partly, volatile. Anhydrous oxalic acid, too, 
presents this peculiarity : the oxygen is in sufficient quantity to transform 
the carbon into carbonic acid and carbonic oxide, but as an independent acid 
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it always contains an atom of water. No inorganic compound leaves a 
residue of carbon when heated under similar circumstances. 

Sulphuric acid is sometimes employed as a medium for testing the organic 
nature of an unknown solid. When the substance is heated with an excess 
of the acid, the mixture is blackened by the liberation of the carbon, and 
sulphurous acid is evolved as a result of the decomposition of a part of the 
acid employed. Sulphuric acid, however, produces peculiar effects with 
many organic products : it dissolves indigo, forming a blue solution ; and 
gallic acid, forming a rich crimson-colored liquid ; it produces red-colored 
compounds with veratria, certain resins, and oil of bitter almonds ; and while 
it carbonizes many bodies, it dissolves others, such as citric acid, with 
scarcely any change of color. On the whole, the effect of heating the com- 
pound in a close vessel furnishes the most reliable evidence of its organic 
nature. 

Carbon. — If we have satisfied ourselves, by the production of a carbona- 
ceous residue, that the substance is organic, we may next proceed to deter- 
mine, by an accurate chemical method, not only the presence, but the 
proportion of carbon present. The substance, well dried and finely powdered, 
is mixed with dried chroraate of lead, or black oxide of copper, and intro- 
duced into a tube which is connected with two balanced tubes, the first 
containing broken chloride of calcium for drying the gaseous products, and 
the second a strong solution of potassa, either by itself, or diffused through 
dry pumice (p. 149). When the mixture is strongly ignited, the carbon of 
the organic substance is entirely converted into carbonic acid : this is dried 
by the chloride of calcium, and the gas itself is absorbed by the potassa. 
The increase of weight in the potassa indicates the amount of carbonic acid 
present. 100 parts of carbonic acid represent 2'7*2 parts by weight of 
carbo7i (C). The chromate of lead is preferable to the oxide of copper, as 
at a high temperature it fuses and incloses the organic matter, thus insuring 
the complete oxidation of the carbon present. The changes which take 
place will be readily understood. The oxide of copper is simply deoxidized, 
2Cu04-C = C03+2Cu; but the chromate of lead is reduced to subchromate 
and sesquioxide of chromium, 4(PbO,Cr03) = 4PbO,2Cr03+Cr30,-f O3. 
The oxygen liberated is taken by the carbon. Unlike the black oxide of 
copper, this compound evolves oxygen by the mere effect of heat. 

The oxide of copper or chromate of lead is deoxidized, not only by the 
carbon, but by the hydrogen of the organic matter : and carbonic acid and 
water are produced. The water is absorbed by the chloride of calcium. 
The production of carbonic acid under these circumstances, furnishes of itself 
a good test of the presence of organic matter. Thus, in place of heating 
the organic compound in a close vessel, it may be mixed with oxide of copper 
and heated at once in a small tube bent at an angle and drawn out in a 
capillary form at the open end. This may be broken off and dipped into a 
small quantity of lime-water contained in a tube or watch-glass. If carbon 
is present, carbonic acid is produced, a fact indicated by a milky precipitate 
in the lime-water. A mere trace of carbon in a substance thus easily admits 
of detection. 

Hydrogen. — This element is commonly in small proportion by weight; but 
there is a large class of organic compounds which are formed entirely of hy- 
drogen and carbon, the carbon always preponderating. Hydrogen forms 
about 6 per cent, of sugar, and 13 per cent, of alcohol and oil of turpentine, 
the latter being of pure hydrocarbon. There is no direct test for the pre- 
sence of this element in organic matter. The proof of its presence in a dried 
organic substance is derived from the production cf water, either by simply 
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heating the solid to a certain temperature, or by igniting it in a tube with 
black oxide of copper or chromate of lead. In this case the deoxidation is 
effected by hydrogen as well as by carbon, and if the substance has been 
properly dried at 212^, and the oxide of copper or chromate of lead has been 
well dried, all the water carried over and condensed in the chloride of cal- 
cium tube will represent the amount of hydrogen in the organic substance. 
The chromate of lead, when it has been fused and powdered, is much less 
absorbent of water than the oxide of copper; hence it gives more correct 
results for hydrogen. 

Inflammable liquids containing hydrogen, such as alcohol and ether, pro- 
duce a large quantity of water by combustion in air. The method of deter- 
mining the presence and amount of hydrogen has been described above under 
Carbon, and additional details will be found at pp. 114 and 134. The in- 
crease of weight in the chloride of calcium tube, which arrests the water, 
divided by 9, indicates the amount of hydrogen present. Thus, 100 parts 
of water are equivalent to 11*1 H. 

The hydrogen existing in vegetable substances is, no doubt, chiefly derived 
from the deoxidation of water, either as it is diffused in vapor through the 
atmosphere, or taken up from the soil. This element is never found in the 
atmosphere in a free state, but some of its compounds — namely, ammonia 
and light carburetted hydrogen — have been detected in air in small quanti- 
ties ; and some portion of the hydrogen of the vegetable structure may be 
derived from these sources, the nitrogen and carbon being at the same time 
appropriated. The vital power which can separate hydrogen from oxygen 
can also separate this element from nitrogen and carbon : the oxygen elimi- 
nated from the decomposed water is supposed to be ozonized, like that which 
is set free by the electrolysis of water (p. 101). 

Oxygen. — This element, next to carbon, is the principal constituent by 
weight of organic matter. In some compounds, as in vegetable acids, it is 
in greater proportion than carbon. It constitutes 66 per cent, of anhydrous 
oxalic acid, 52 per cent, of sugar, and 34 per cent, of alcohol. In the case 
or oxalic acid, it is associated with carbon only ; but in sugar, alcohol, and 
the greater number of vegetable principles, it is combined with hydrogen, 
and sometimes with nitrogen and sulphur. Some of the alkaloids, acids, 
and neutral compounds contain none — e. g., nicotina, aniline, hydrocyanic 
acid, and oil of turpentine. There is no direct test for the presence of oxy- 
gen in organic substances, if we except the production of carbonic acid and 
water by heating them out of contact of air. The oxygen is then consumed 
by the hydrogen of the substance, and water is produced as well as carbonic 
acid. The general principle on which the determination of the presence and 
amount of oxygen is based consists in the separation and quantitative esti- 
•mation of the other constituents, and in the deduction of the sum of these 
from the amount of dry organic matter employed in the experiment. If the 
substance examined was perfectly dry and pure, and the other elements have 
been accurately weighed, this method will give a sufficiently correct result ; 
but any errors on these points will add to or diminish the amount of oxygen. 
When the substance consists of carbon, hydrogen, and oxygen only, the 
results are generally satisfactory ; but when nitrogen, sulphur, and phosphates 
are present, there is greater difficulty attending the correct estimation of the 
oxygen. The oxygen found in organic substances is probably derived, not 
only directly from the atmosphere, but indirectly from the oxidized products 
— carbonic acid and water — which are diffused through it. 

Nitrogen, — This element, although most abundantly found in animal sub- 
stances, is an important constituent of many vegetable compounds. Albu- 
men, fibrin, and casein of both kingdoms contain it in a large proportion. 
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It exists in the sap and juices of vegetables : it is present in many alkaloids, 
in indigo, in bases such as aniline and nicotine ; also in amygdaline, in hy- 
drocyanic and carbazotic acids, and in a great variety of artificial products. 
Compounds of nitrogen and hydrogen, or of nitrogen and oxygen, are not 
met with among organic substances. Ammonia, which is constituted of 
nitrogen and hydrogen, is not an organic substance, but the product of the 
decomposition of organic matter. Nitrogen is associated with carbon in 
cyanogen and its compounds, with sulphur in oil of mustard, and with sul- 
phur and phosphorus in albumen, fibrin, and other organic principles. 

Organic substances which contain this element and a sufficient quantity of 
moisture, undergo changes to which the term putrefaction is applied. One 
of the most abundant products is ammonia, which is derived from the nitro- 
gen uniting with hydrogen in the nascent state. 

The presence of nitrogen may in general be determined by heating the 
dried substance in a close tube : ammonia, in combination with carbonic or 
hydrosulphuric acid, is distilled over with water among the first products. 
The alkaline gas may be identified by its pungent odor, and by its reaction 
on test-paper placed in the mouth of the tube, or by any of the usual tests. 
The substance may be heated in a tube, with hydrate of potassa or calcined 
soda-lime, finely powdered : in either case the nitrogen present is entirely set 
free as ammonia. The alkaline bases operate by fixing any acid that may be 
produced. For another method of detecting. this element, see pp. 142, 143. 
Even a diluted solution of potassa, at a moderate heat, will in some cases 
destroy the substance and produce ammonia. Among alkaloids, strychnia 
and morphia resist the action of a solution of potassa which is sufficient to 
decompose atropia, aconitina, and hyoscyamia. Morphia, or strychnia, when 
heated alone, evolves ammonia, showing that nitrogen is a constituent of 
these alkaloids ; but their salts give off no ammonia when heated, unless they 
are mixed with 4 or 5 parts of hydrate of potassa or dry soda-lime. Caout- 
chouc, when heated in a reduction-tube, evolves ammonia ; gutta-percha does 
not. When nitrogen is absent, the organic solid commonly evolves an acid 
(acetic), the vapor of which reddens litmus-paper. Thus dextrine, gum, or 
woody fibre, when heated strongly in close vessels, evolves acetic acid. Non- 
nitrogenous are thus distinguished from nitrogenous substances : If we heat 
in a tube a small quantity of Kussian isinglass, ammonia is copiously evolved ; 
but if we substitute for this the substance called Japanese isinglass {Gelidium 
corneum) an acid vapor escapes. This substance contains no nitrogen, while 
the Russian isinglass contains it in large proportion. 

The vegetable is supposed to derive its nitrogen chiefly from ammonia 
diffused through the atmosphere, or carried by rain into the soil. The very 
small proportion of ammonia found in air (p. 150) may appear to be insuffi- 
cient as a source of nitrogen for plants ; but vegetables have the power of 
extracting and appropriating their elements, even when diffused in such 
minute traces as not to be revealed by ordinary reagents. Rubidium has 
been detected in the salts obtained from beet-root, but none has hitherto 
been found in the soil. A similar fact has been noticed with regard to ma- 
rine plants ; they have a power of accumulating and fixing iodine in their 
tissues ; but in the sea-w^ater in which they flourish, it is difficult to detect, 
by chemical tests, any traces of iodine, even when a large quantity is made 
the subject of experiment. Although nitrogen is an abundant constituent 
of the atmosphere, there is no evidence that vegetables procure it directly 
from this source. As hyponitrite or nitrate of ammonia (the result of the 
oxidation of the elements of air and aqueous vapor by ozone or electricity), 
nitrogen in a combined state is not only diffused in the atmosphere, but 
carried by rain into the soil. According to the recent views of Schonbein, 
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a plant in the act of growth, by causing a reaction of the elements of air 
upon aqueous vapor, is a generator of nitrite (hyponitrite) of ammonia, and 
thus prepares a part of its own nitrogenous food. On this theory, the nitro- 
gen of vegetables is derived indirectly from the constituents of the atmo- 
sphere. The quantity of nitrogen in an organic compound, may be deter- 
mined either by separating the element in the gaseous state, or by converting 
it into ammonia, and precipitating this alkali by chloride of platinum. These 
methods will be presently described (p. 513). 

Sulphur, — Sulphur is frequently associated with nitrogen. The nitroge- 
nous principles of the animal and vegetable kingdom — albumen, fibrin, and 
casein — contain it abundantly. Gelatine and indigo contain nitrogen but no 
sulphur ; gutta-percha contains a trace of sulphur but no nitrogen ; while 
caoutchouc contains both. Sulphur is an important constituent of certain 
essential oils. In dried organic solids, it may be detected by heating the 
substance in a small tube : the vapor evolved, containing sulphuretted hy- 
drogen, blackens a slip of glazed card, or of paper impregnated with a salt 
of lead. Dried gluten, bread, caoutchouc, flannel, hair, horn, or feathers, 
evolve a quantity of a sulphur compound under these circumstances. If the 
substance also contains nitrogen, ammonia is produced, and hydrosulphate 
of ammonia comes over with aqueous vapor. The detection of the hy- 
drosulphate and therefore of the presence of nitrogen and sulphur, in the 
compound, is readily effected by one experiment. Paper wetted with a 
solution of nitro-prusside of sodium, acquires immediately a rich purple or 
crimson color. "Unless the sulphur is in combination with an alkali, this 
change does not take place (p. 214). 

There are other methods of detecting sulphur. The substance may be 
boiled in a solution of potassa containing a small quantity of oxide of lead 
dissolved (p. 199) : if sulphur is present, the substance is either blackened 
or the liquid acquires a dark color from the production of sulphide of lead. 
A portion of flannel or silk thus tested by a potassa-solution of oxide of lead, 
will be completely blackened ; but if mixed with cotton, the fibres of the latter 
will remain white, as this substance contains no sulphur. Liquid compounds 
of sulphur which are dissolved by potassa undergo a similar change (p. 2t3). 
As an alkaline sulphide is produced by the reaction of the potassa on the 
sulphur of the organic matter, the nitroprusside of sodium may be made 
available for the detection of this element. If a small quantity of hair, 
woollen, or silk is boiled in a solution of potassa, the presence of sulphur 
will be indicated by the alkaline liquid acquiring a reddish or crimson tint 
when a few drops of nitroprusside of sodium are added. For this purpose, 
potassa, free from lead, should be selected. 

Owing to the frequent presence of lead as an impurity in solution of 
potassa, most sulphur-compounds, when boiled with the alkali, impart to it 
a dark color. 

In some cases, the molecular condition of the substance interferes with the 
application of this test. Thus caoutchouc contains much sulphur, but in 
order to detect it, the substance should either be digested in strong nitric 
acid containing nitrous acid, or deflagrated in a silver crucible with pure 
hydrate of potassa and nitre, until it has become white. The sulphur is 
oxidized and converted into sulphuric acid or sulphate of potassa, and the 
quantity of acid produced may be determined by precipitating a neutralized 
solution of the residue in water, with baryta or one of its salts (p. 207). 

Phosphorus. — This is not unfrequently associated with nitrogen and 
sulphur in organic compounds, and exists sometimes in large proportion in 
animal products. In the state of phosphoric acid combined with soda, lime, 
or magnesia, it is an abundant mineral constituent of animal and vegetable 
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matter, and is readily obtained by incineration. Its presence and proportion 
may be determined, by deflagrating the dried organic substance with a 
mixture of equal parts of pure nitrate of potassa and bicarbonate of potassa 
in fine powder. The experiment may be performed in a platinum crucible ; 
the saline residue is dissolved in water, and the solution neutralized with 
acetic acid. Any soluble phosphate that is present may be precipitated by 
the methods described at pages 235 and 361. In the first case ammonio- 
phosphate of magnesia is produced, 100 parts of which when dried and 
ignited, are equivalent to 28*5*7 parts of phosphorus (p. 340), and in the 
second an insoluble perphosphate of iron is thrown down. 

The sulphur and phosphorus of the vegetable kingdom are chiefly derived 
from a deoxidation of the sulphates and phosphates contained in the soil. 

Chlorine, Bromine, and Iodine. — In all natural compounds these elements 
are found associated with alkaline metals, and are readily separated by the 
process of incineration. Artificial compounds, containing them in such a 
form as to yield no precipitate on the addition of nitrate of silver, may be 
analyzed by passing the vapors through a combustion-tube containing a 
mixture of three parts of hydrate of lime and one part of hydrate of soda, 
the purity of which has been previously ascertained. A chloride, bromide, 
or iodide of the alkaline metal is thus procured. After the tube has cooled, 
the lime is dissolved in very diluted nitric acid ; and nitrate of silver is added 
to the filtered solution. A precipitate, consisting of chloride, bromide, or 
iodide of silver, or a mixture of these salts, is thus obtained, and the propor- 
tion of each element may be determined by the process described at page 
193. Volatile compounds of these elements are introduced into the mixture 
in small glass bulbs (see p. 513). 

When the substance for analysis consists of carbon in combination with 
hydrogen or oxygen, or with both of these elements, the proportions in 100 
parts may be at once determined by the use of the Gomhustion-tuhe. 

The tubes used in these analyses, should be made of green glass free from 
lead, or of hard Bohemian glass, and are generally about four-tenths of an 
inch in diameter, and from 15 to 18 inches in length, sealed, and either drawn 
into a point or rounded at the sealed end ; the open extremity should be 
smoothed by fusion, so as to receive a cork without danger of cracking. It 
is sometimes necessary to protect the tube, by rolling a strip of copper-foil 
spirally round it, tied at each end by a piece of wire. The tube may be 
heated, either by a lamp-furnace or over charcoal, in a trough of sheet-iron 
constructed for the purpose. 

When the substance to be analyzed is solid, from 3 or 4 to 8 or 10 grains 
of it, properly dried, are carefully mixed with about 200 grains of the dried 
oxide of copper, and introduced into the combustion-tube, into the end of 
which is previously placed about half an inch in length of small copper- 
shavings superficially oxidized. These shavings should occupy about two 
inches of the tube above (or, as it lies horizontally, before) the organic mix- 
ture, the object being to keep the whole contents of the tube in a loose or 
porous condition, so that the gaseous products may escape from it without 
impediment. The mixture of oxide of copper and the organic substance 
should be placed about the centre of the combustion tube, some pure oxide 
of copper being placed before and behind it. If the organic substance under 
examination is a ternary compound of hydrogen, carbon, and oxygen, it is 
obvious that the products will be only water and carbonic acid. In order to 
ascertain the weight of the former, and thence the weight of the hydrogen 
required to form it, the products, as they escape, are carried through a tube 
containing fragments of fused chloride of calcium, and accurately weighed. 
The vapor of water is absorbed, and the increase In the iveight of the tube 
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and its contents, will indicate its quantity (p. 50T). The juncture of the 
combustion-tube with the chloride of calcium tube, should be made air-tight 
by a perforated cork. 

The carbonic acid, deprived of water, is conducted from the extremity of 
the chloride of calcium tube, into a light glass tube blown into five bulbular 
enlargements, containing a strong solution of caustic potassa, and accurately 
balanced. The bulb apparatus is then connected with the chloride of calcium 
tube, by short lengths of caoutchouc piping. 

After the abstraction of the water in the chloride of calcium tube, the car- 
bonic acid passes on into the solution of caustic potassa, through which, by 
properly inclining the bulb apparatus, it may be made to pass in divided 
bubbles, and under some pressure, so as to insure its total absorption. When 
the experiment is completed, the apparatus is allowed to cool, and in order 
to prevent any portion of the alkaline solution retrograding into the 
chloride tube, the tip of the combustion-tube is broken off, and any residuary 
carbonic acid may then be drawn into the alkaline solution, by applying 
gentle suction at the end, or by the use of an aspirator. The weight of the 
evolved carbonic acid, and therefore of the carbon, is ascertained by accu- 
rately determining the increase in the weight of the condenser with its alka- 
line solution (p. 501). 

In order to illustrate the mode of operation, we may assume that 10 
grains of pure starch have been thus decomposed by oxide of copper in the 
combustion-tube, and that the chloride of calcium tube has acquired an 
increase of weight equal to 5*94 grains (water), and the potassa apparatus 
has increased in weight 16 '24 grains (carbonic acid). As pure starch is 
known to contain only carbon, hydrogen, and oxygen, the proportions of 
each element in 100 parts may be thus determined. Hydrogen forms one- 
ninth part of water : hence 5-94-^9=0'66 H. In 22 parts, by weight, of 
carbonic acid, there are 6 parts of carbon : hence 22 : 6 : : 16*24 : 4*43 C. 
The oxygen, if these results are correct, may be determined by deducting 
the sum of the weights of hydrogen and carbon from the weight of the starch 
employed in the experiment, 0*66-l-4*43=5*09 ; and 10— 5-09=4-91 0. 
Hence these results show that pure starch consists of : — 

In 10 parts. In 100 parts. 

Carbon 4-43 44-3 

Hydrogen .... 0*66 Q'Q 

Oxygen 4-91 49-1 

10-00 100-0 

When nitrogen is a constituent of the organic matter under examination, 
the mixture with oxide of copper is made as usual, but the contents of the 
fore part of the combustion-tube must now consist of a mixture of shavings 
or filings of metallic copper with the oxide, and great care must be taken slowly 
to conduct the evolved gases through this mixture, rather highly heated, in 
order to effect the complete evolution of the nitrogen, and to decompose the 
various compounds which that substance might possibly form with the 
oxygen, carbon, or hydrogen. The nitrogen then escapes as a gas with car- 
bonic acid. The gases may be collected in a proper mercurial apparatus, 
and the carbonic acid removed afterwards by a few fragments of fused 
hydrate of potassa, when the nitrogen will remain, and its weight may then 
be deduced from its volume. Deutoxide of nitrogen is an occasional product 
of the decomposition of a nitrogenous compound by oxide of copper. It is 
most readily formed when chromate of lead, or a current of pure oxygen, is 
employed in the combustion-tube. It is produced in larger quantity, cceteris 
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paribus^ when the temperature is high, than when the combustion takes place 
slowly. 

The quantitative determination of nitrogen may be more accurately 
obtained by converting it into ammonia^ and in this form combining it with 
chloride of platinum, so as to weigh it in the state of aramonio-cbloride. 
(Yarrentrapp and Will, Ann. der Chem, und Pharm,^ 39, 25*7.) For this 
purpose the azotized organic product, to the amount of 4 or 5 grains, is 
thoroughly blended in a warm mortar with a mixture of 1 part of dry hydrate 
of soda, and 2 of lime, in such quantity as to fill the combustion-tube to 
within about 3 inches of its open end. Attached to the combustion-tube is 
a three-bulbed apparatus, containing pure hydrochloric acid, sp. gr. 1*130. 
Heat is then applied to the combustion-tube, beginning at the anterior 
extremity ; and when the whole length has been so heated that the substance 
has become quite white, air is drawn through it as in the case where oxide of 
copper is used, and the contents of the bulb-apparatus poured into a basin, 
the bulbs being afterwards washed, first with a mixture of alcohol and ether, 
and then with water, from an ounce to an ounce and a half of liquid being 
used for that purpose. A solution of pure chloride of platinum is then 
added in excess to the mixture of the hydrochloric solution and washings, 
and the whole evaporated to dryness : the residue is treated with a mixture 
of two volumes of alcohol and 1 of ether ; if this affords a yellow solution, 
excess of chloride of platinum has been added, and the remaining washed 
ammonio-chloride of platinum may be collected on a filter, dried at 21 2°, 
and weighed. In order to control the weighing, the ammonio-chloride 
should be calcined, and the resulting metallic platinum also weighed. 100 
parts of the dried ammonio-chloride, are equivalent to 6*22 of nitrogen and 
44 parts of metallic platinum. All substances containing nitrogen, under 
these circumstances, evolve this element in the form of ammonia, excepting 
oitrie acid. If any soda-lime is carried over it does not affect the result, as 
these alkalies are not precipitated by chloride of platinum. Any excess of 
chloride of platinum is completely removed by the mixture of alcohol and ether. 

The soda-lime, before use, should be ignited and finely powdered. In its 
reaction on organic matter at a high temperature, it is probable that the 
carbon unites with the oxygen of the water of the hydrates, forming carbonic 
acid, which unites to the bases, while the hydrogen which is set free combines 
with the nitrogen of the organic substance to produce ammonia. Three 
parts of hydrogen are sufficient for the entire conversion of fourteen parts 
of nitrogen. If the nitrogenous compound is a liquid, it niay be introduced 
into bulbs and heated with soda-lime in the manner in which organic liquids 
are heated with black oxide of copper {see below). Some nitrogenous organic 
substances do not evolve ammonia under these circumstances, but a volatile 
organic base on which soda-lime has no action. Thus, indigo yields aniline, 
and other substances produce other bases containing no oxygen. They all 
form, however, insoluble compounds with chloride of platinum and the 
amount of nitrogen present admits of easy determination by incinerating the 
salt and obtaining the platinum in the metallic state. 99 parts of platinum 
are equivalent to 14 of nitrogen or 100 parts to 14"4. 

If the substance for analysis is a volatile organic liquid (alcohol), it may 
be collected in a small balanced bulb of glass, and its weight accurately de- 
termined after sealing the capillary end of the bulb. It may then be dropped 
into the midst of the oxide of copper in the combustion-tube, the small ca- 
pillary end being previously broken. After the oxide has become full heated 
in the fore-part of the tube, the portion containing the bulb is heated, and 
as the vapor of the liquid escapes, it is immediately decomposed by the ig- 
33 
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nited oxide of copper. Two of these bulbs, containing together from 6 to 8 
grains of the liquid, may be employed in one operation, provided that several 
inches of the oxide are interposed between them. It the liquid has a high 
boiling-point and is rich in carbon, it will be found better to subdivide the 
quantity among three bulbs. Substances of a viscid or fatty nature may be 
introduced into the combustion-tube in small glass tubes, or in trays of pla- 
tinum foil. 

In the analysis of hydrocarbons, it is sometimes necessary to use a current 
of pure oxygen, in order to consume the carbon completely. Occasionally 
chlorate of potassa is mixed with oxide of copper, in order to insure a co- 
pious supply of oxygen. Chromate of lead, as a source of oxygen, has 
some advantages over oxide of copper. After it has been fused, it is but 
little hygrometric ; and if the substance which is to be analyzed, contains 
chlorine or sulphur, the lead retains these elements, while with oxide of cop- 
per a volatile chloride of that metal is formed, as well as sulphurous acid. 
This last-mentioned compound is not absorbed by chloride of calcium, but 
it readily combines with potassa, and thus adds to the apparent amount of 
carbon. In order to avoid this source of error, a tube containing finely- 
powdered peroxide of lead, should be placed between the chloride of calcium 
tube, and the potassa-apparatus. This completely arrests any sulphurous 
acid that may be produced! With the use of chromate of lead, however, the 
tube containing peroxide is seldom required. 

Sulphur can be estimated only by the process described at p. 510. Nitric 
acid is not always efficient in completely oxidizing the sulphur of organic 
compounds. Liebig advises that the substance should be gradually fused in 
a silver crucible with an excess of a mixture of 8 parts of hydrate of potassa 
and 1 part of nitre. If the mixture should not become colorless when 
heated, a little more nitre may be added. The white residue is dissolved in 
water acidulated with hydrochloric acid, and this solution is precipitated by 
chloride of barium. The sulphate, after it has been washed, dried, and 
ignited, may be weighed : 100 parts of dried sulphate of baryta are equiva- 
lent to 13*8 of sulphur. Volatile organic liquids containing sulphur may be 
vaporized, and the vapor passed through a tube containing a mixture of nitre 
and bicarbonate of potassa or soda, strongly heated. 

[For further information on the analysis of organic substances, the reader 
is referred to Fresenius's QucMitative Analysis^ p. 385, and Liebig's Hand- 
book of Organic Analysis.^ 

Equivalents of Organic Substances. Formula. = The results obtained 
by the use of the combustion-tube, merely represent the weights of the ele- 
ments in 100 parts. There can be no doubt that these elements are com- 
bined in equivalent proportions, and the principles on which the atomic 
weight of an organic compound is calculated, are therefore similar to those 
described for mineral substances (p. 61). We may take for illustration an 
alkaloid, an acid, and one or more neutral substances. 

1. An Alkaloid. — One hundred parts of morphia yield by combustion : of 
carbon, tl*91; of hydrogen, 6'85; of oxygen, 16*44; and of nitrogen, 
4*80. The hydrochlorate of this base may be readily obtained anhydrous, 
and it is found that 100 grains of the anhydrous salt contain 88 'YS of mor- 
phia and 11-25 of hydrochloric acid. Assuming this analysis to be correct, 
the atomic weight of the alkaloid will be 292 (11*25 ; 88't5 ; : 37 : 292). 
The weight of each element contained in this quantity of the alkaloid, is 
easily deduced from the elementary analysis of 100 parts. Thus — 
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100 


71-91 : 


: 292 


209-97 Carbon 


100 


6-85 : 


: 292 


20-00 Hydrogen 


100 


16-44 : 


: 292 


48-00 Oxygen 


100 


4-80 : 


: 292 


14-01 Nitrogen 



Tf the weight of each element, contained in an equivalent of morphia, is 
divided by its atomic weight, the products will represent the number of atoms 
contained in each atom of morphia : — 



Parts. 




Equiv. 


Atoms. 


Atoms. 


209-97 




- 6 = 


34-99 


or 35 of Carbon 


20-00 




1 = 


20-00 


or 20 of Hydrogen 


48-00 




- 8 = 


6-00 


or 6 of Oxygen 


14-01 




- 14 = 


1-00 


or 1 of Nitrogen 



The formula for morphia is, therefore, C35H3oOe]S[=292. When it is required 
to calculate the percentage composition of the alkaloid from its formula, we 
adopt an inverse method. Thus : — 

Parts. 

210 Carbon 
: 20 Hydrogen 

: 48 Oxygen 

14 Nitrogen 



and- 



Atoms. 


Equiv 


35 

20 
6 
1 


X 6 
X 1 
X 8 
X 14 


292 
292 
292 
292 


210 : 
20 : 
48 : 
14 : 



100 
100 
100 
100 



292 

71-91 Carbon 
6-85 Hydrogen 

16-44 Oxygen 
4-80 Nitrogen 



Alkaloids which form double chlorides by combining with chloride of pla- 
tinum, may have their equivalents determined by a calculation based, 1st, 
on the weight of the platinum salt in the dry state, and 2dly, on the weight 
of the metallic platinum obtained as a result of its combustion. 

2. An Organic Acid. — For the purpose of illustration, we may take Oxalic 
acid. This and other acids are first combined with oxide of silver or oxide 
of lead, taking care that the compounds are neither basic nor hydrated. 
The oxalate of lead, dried at 212°, consists of 24*32 of oxalic acid, and 
75-68 of oxide of lead, or 36 parts of the acid are required to form a definite 
salt with 112 parts (or one equivalent) of oxide of lead. This acid con- 
tains no hydrogen, so that in burning the dry lead-salt with well-dried oxide 
of copper, no water is formed, and the only product is carbonic acid: 100 
grains of Oxalic acid, (O), are thus found to contain 33*33 parts of carbon 













100 


33-33 : 


: 36 


: 11-99 Carbon 


100 


66-67 : 


: 36 


24-00 Oxygen 



and 66-67 of oxygen: and ll-99~6 = l-99, or 20, and 24-^8=30: hence 
anhydrous oxalic acid is represented by CaOg: and from this formula, its 
centesimal composition may be deduced as in the case of morphia. 

Alkaloids and acids which either crystallize, or form crystallizable salts, 
frequently combine with water to form hydrates. To avoid error in this 
respect, it is sometimes advisable to ascertain the atomic weight of an alka- 
loid by determining, by precipitation, the proportion of acid (sulphuric or 
hydrochloric) contained in a weighed quantity of the crystallized salts. In 
reference to crystallizable acids, the amount of water combined with the 
crystals of Oxalic acid may be thus determined: 63 grains of the acid dis- 
solved in water, and precipitated by acetate of lead, yield 148 grains of dry 
oxalate of lead. Deducting the weight of the oxide (148 — 112=36), we 
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obtain the weight of dry acid which has combined with the lead. As 63 
grains of crystallized acid were used in the experiment; then 63 — 36=21, 
or three equivalents of water must have been combined with them. Hence 
crystallized Oxalic acid has the formula Gfi^fSHOj or, as it cannot exist 
without an atom of water, C2C3,HO + 2HO. 

3. Jsfeutral Bodies, — In reference to neutral substances which do not enter 
into combination with mineral compounds of which the equivalents are known, 
there are great difficulties in assigning a correct atomic constitution. In 
some cases they combine with oxide of lead, and from this combination, a 
formula may be deduced : gum, sugar, and starch are bodies of this kind : 
on the other hand, some, such as raannite, enter into no known combination. 
The general rule regarding organic substances of this nature, is to divide 
the quantity of each element contained in 100 parts, by its equivalent. The 
quotients thus show the relations which the elements bear to each other in 
atoms or equivalents, and if fractional, these may be converted into integers 
by multiplication. 

Cane-sugar may be combined with oxide of lead ; and, by analysis, it is 
found that this compound contains in 100 parts, 59*3 of oxide of lead and 
40 -t of sugar. If an atom of sugar were united to an atom of oxide of lead, 
then the equivalents would be 16-81 for (59-3 : 40*1 :: 112 : 16-81), but 
there is great reason to believe that 2 atoms of oxide of lead replace 2 
atoms of water which are contained in crystallized sugar; and therefore that 
the equivalent of anhydrous sugar is 153 ; (16-81x2=153-14). One hun- 
dred parts of crystallized cane-sugar give by combustion : — 



Carbon . 41-50 



Oxygen . 52-05 



Atoms. 
6-92 1-064 = 11-7 or 12 



Hydrogen 6-45 ^ 1 = 6-45 0-993 = 10-9 or 11 



6-50 1-000 = 11-0 or 11 



The figures in the fourth column are obtained by making oxygen the unit 
and divisor,-~.thus, 69-2~6-50==l-064; 6-45-^6-50=0-993 ; and 6-50-^6'50 
= 1. The quotients multiplied by 11 give the results in atoms at 11*1, 10-9, 
and 11 respectively, or, in round numbers, Qi^ifi^^. Deducting the 2 
atoms of water which are known to exist in crystallized cane-sugar, the 
formula would stand thus: CiyHgOg-f 2H0. When sugar combines with 
oxide of lead, the two atoms of water are replaced by two of this oxide, so 
that saccharide of lead would be C^2H90g,2PbO, or 153 parts of sugar (1 
atom) to 224 parts of oxide of lead (2 atoms). The formula here given is 
well adapted to explain the conversion of sugar into alcohol, as well as 
various other chemical changes of this compound. If, from the formula of 
crystallized cane-sugar (C^aHnO^J, we desire to calculate the centesimal 
composition, so as to compare the theoretical with the ascertained results, 
the differences will be no greater than might be explained by slight errors 
in analysis. This will be evident from the following figures : — 

Atoms. Calculated. Found. 

Carbon . . 12 X 6 = 72 or 42-11 41-50 

Hydrogen . . 11 X 1 = H or 6-43 6-45 

Oxygen . . 11 X 8 == 88 or 51-46 52-05 

Mannite is a compound of three elements. In 100 parts it consists of: — 

Carbon . 39-54 



Hydrogen 7-73 



6-59 1-00 X 6 == 6 

= 7-73 1-17 X 6 = 7 



Oxygen . 52-73 ~ 8 = 6-59 1-00 x 6 = 6 

The atoms of carbon, hydrogen, and oxygen, as deduced from the cen- 
tesimal composition, are as the respective numbers, 659, 113, 659. If the 
figures in the third column are divided by the amount of oxygen as unity, 
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quotients are obtained which, when multiplied by 6, give a series of atoms 
in integers, namely, CgH^Og. These figures, therefore, merely express the 
proportions of the elements in reference to their atomic weights. They con- 
vey a better knowledge of the composition of bodies than the arithmetical 
proportions in 100 parts; and are so far convenient for use. At the same 
time formulae thus derived, are purely empirical. 

Volatile Liquids, — When the organic compound is a volatile liquid, its 
vapor-density will serve to control the results of an analysis. In the series 
of isomeric liquid hydrocarbons, it is chiefly by the vapor-density of each 
liquid, that the number of atoms which should enter into the respective 
formulae, can be accurately determined. The degree of condensation of the 
elements is therefore a material point in considering their atx)mic constitu- 
tion, and in constructing their formulae. 100 parts of Alcohol yield by the 
combustion-tube :— • 









Atoms 


Carbon . 
Hydrogen 
Oxygen . 


. 52-65 -H 6 = 8-92 
. 12-90 -r- 1 = 12-90 
. 34-45 -f- 8 = 4-30 


8-92 -~ 4-30 

12-90 -^ 4-30 

4-30 ~ 4-30 


== 2 
= 3 



The sp. gr. of the vapor of alcohol is 1*61 : hence, if this analysis be cor- 
rect, the specific gravities of the elements in these atomic proportions should 
correspond. With respect to carbon, the volume of its vapor, compared 
with hydrogen, cannot be determined experimentally. It is assumed that 
one volume or atom is represented by the sp. gr. 0*4146. Oxygen has a spo 
gr. of ri05t, and hydrogen a sp. gr. of 0*0691, hence:-— 

Atoms. Sp. gr. 

Carbon ... 2 (0-4146 x 2) = 0-8292 

Hydrogen ... 3 (0-0691 X 3) = 0-2073 

Oxygen . . .1 (1-1057 — 2) = 0-5528 

Sum of specific gravity . . . 1-5893 

The sp. gr. of the vapor of alcohol is therefore nearly in accordance with 
that which should be found in one volume of a vapor of which the consti- 
tuents are 2 atoms (or volumes) of carbon, 3 atoms (or volumes) of hydro- 
gen, and 1 atom (or half a volume) of oxygen. The most simple formula 
for alcohol would therefore be C3H3O. Alcohol has neither acid nor basic 
properties, and forms no definite compounds with bodies. Hence its equi- 
valent might be taken at twice, three times, or even four times the numbers 
of the atoms above given. The theory of the production of sulphovinic 
acid and of ether by the reaction of sulphuric acid on alcohol, is rendered 
much more simple by doubling the numbers obtained by analysis, and making 
them C^HgOg. In this case the atom of alcohol would correspond to two 
volumes of its vapor ; and its specific gravity compared with air would be as 
1-61 to I'OO, and with hydrogen as 23 to 1. The conversion of alcohol into 
aldehyde and acetic acid by processes of oxidation, is rendered more intelli- 
gible by the adoption of the formula above given. 

Rectified Oil of turpentine yields by analysis in 100 parts : — 

Atoms. 
Carbon . . . . 88-24 -f- 6 == 14-70 1-25 or 5 

Hydrogen . . . . 11-76 -r- 1 = 11*76 1- or 4 

Its formula as thus deduced, would be, in its most simple form, 5 atoms of 
carbon and 4 of hydrogen (O5HJ. But it might also be OioHg or OaoH^s* 
The ascertained specific gravity of the vapor compared with air is 4*76. A 
constitution represented by CgH^ would give for the specific gravity, only 
one-half of this density, or 2 '35. O^^s would give a density of 4*70, re- 
sembling so closely that which has been determined by experiment, that it is 
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impossible not to conclude that 10 atoms of carbon and 8 atoms or volumes 
of hydrogen are included in each volume of the vapor of oil of turpentine. 
The oil, however, combines with some of the hydracids, including the hydro- 
chloric. With the latter it forms a solid artificial camphor, represented by 
CgoH^gjHCl. The formula for the oil of turpentine should be, therefore, Cgo 
Hjg, unless it be supposed that 2 atoms of the oil 2(C^oHg) are combined 
with 1 of hydrochloric acid. The former is selected by reason of its greater 
simplicity and its agreement with the formulae of other hydrocarbons. One 
atom of oil of turpentine, like one atom of alcohol, therefore corresponds to 
two volumes of vapor: hence the specific gravity would be about 4'1 : — 

Atoms. Vol. 

Carbon. . . . 20 or 20 = 0-4146 X 20 8-292 

Hydrogen . . . 16 or 16 = 0-0691 x 16 1*105 

1 2 9-397 



Vapor-density of oil of turpentine , . . .4-698 

Chloroform is considered to have the constitution represented by the for- 
mula 0311,013. The specific gravity of its vapor is 4*20. This is in accord- 
ance with the view, that each atom of the compound corresponds to two vol- 
umes of the vapor : — 

Atoms. Vol. Sp. gr. Sp. gr. 

Carbon . . .2 2 == 0-4146 X 2 0-8292 

Hydrogen . . 1 1 = 0-0691 x 1 0-0691 

Chlorine . . 3 3 = 2-4876 X 3 7-4628 



8-3611 



Vapor-density of chloroform . . . 4-1805 

As a general rule the vapor-density shows the proportions in which the 
elements combine, but the atomic weight can be correctly determined only 
by calculation from some definite compound. In the case of chloroform no 
such compound is known. This and other instances prove that in the vapors 
of organic liquids, the gaseous elements undergo an enormous condensation. 

When the formula of an organic substance merely expresses the number 
of atoms of each element, as O^HgOg (alcohol), or O^H^O^ (hydrated acetic 
acid), it is called empirical. It expresses the relative proportions of the 
elements, without reference to the mode in which they are combined, or to 
the atomic weight of a body. A rational formula implies one which pro- 
fesses, upon certain hypotheses, to define the mode of union or actual arrange- 
ment of' atoms in a compound, of which the equivalent has been determined 
by experiment. 

We here necessarily enter into a region of speculation. Thus, out of an 
atom of alcohol a variety of rational formulae may be constructed, according 
to the hypothesis which a chemist may adopt. The empirical formula of 
alcohol (O^HbOJ may be expressed by O^H.O + HO, or 2O2H3+2HO, or 
20O+20H3,+H2. The empirical formula of hydrated acetic acid (O^H^OJ 
may, according to the radical theory, be converted into the rational formulae 
(OA034-HO,or2(OA)-|-OJ. 

Compound Radicals. — In inorganic chemistry, radicals are represented by 
simple substances which enter into combination with oxygen, chlorine, and 
other electro-negative bodies. Sulphur (S) is the radical of sulphuric acid 
(SO3), and sodium (Na) is the radical of chloride of sodium (NaCl). In 
order to assimilate organic to inorganic chemistry, it has been suggested that 
some of the atoms of organic substances may be so arranged as to form 
compound radicals, which are assumed to combine with the electro-negative 
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elements, O, CI, and S, to form binary compounds, like those met with in 
inorganic chemistry. Cyanogen is a well marked instance of a compound 
radical. It is represented by the formula C3N (p. 260) and it acts in all 
respects like an element. It combines with hydrogen and all the metals like 
an electro-negative body, and with oxygen and chlorine like an electro- 
positive body. A compound radical, therefore, is simply a body which com- 
bines, like an element, with other elementary bodies. It may also enter into 
combination with other compound radicals. In the cyanide of cacodyle 
(KdCy, or C^HgAs + CgN) we have an instance of two compound radicals 
combining like elements. 

Organic radicals, a few of which have been isolated, while the greater 
number have only an hypothetical existence, may consist of two, three, or 
more elements. When they contain carbon and hydrogen only, they generally 
terminate in yie, and are represented by a symbol, like elements. Thus, the 
radical of alcohol (C^H^) is called Ethyle^ and is represented by the symbol 
Ae. Ether would therefore be an oxide of ethyle (O^HgjO, or AeO). For- 
myle (CJi) (Fo) is the radical of formic acid, and this acid is C3H,03, oxide 
of formyle, or F0O3. Methyle (Me) is C3H3 ; Acetyls (Ac>C4ll3. Cacodyle^ 
which consists of carbon, hydrogen, and arsenic, is C^HgAs, and has the 
symbol Kd. This view of the constitution of organic compounds has been 
generally adopted. While it is open to some objections, there can be no 
doubt that it has greatly facilitated the study and classification of organic 
substances. 

Substitutions. — As in mineral chemistry, one negative element may be sub- 
stituted for another, HO becoming HCl by the substitution of chlorine for 
oxygen, so in reference to organic radicals, a smilar change may be observed. 
Formic acid is converted into chloroform by the substitution of three atoms 
of chlorine for three atoms of oxygen, the radical remaining the same : thus 
0311 + 03 becomes C2H+CI3; and whole series of compounds may be thus 
constructed, in which one negative element simply replaces another negative 
element, according to the usual laws of equivalent proportions. There is, 
however, another remarkable character in organic compounds, to which the 
term substitution is specially applied — namely, where the electro-negative may 
take the place of an electro-positive body, the compound remaining unaltered 
in its type ; i.e. the elements being otherwise in the same number, propor- 
tion, and, as it is supposed, molecular arrangement, differing in fact only in 
equivalent weight. Hydrated acetic acid (C4H303,H0) may have its hydro- 
gen replaced by chlorine, to form chloracetic acid (C4Cl303,H0), the electro- 
negative chlorine being substituted for the electro-positive hydrogen. A 
similar substitution is observed in the conversion of chloride of methyle into 
chloroform by chlorine: 0^01-1-401 = C,H,Cl3+2HCl. 

In the production of pyroxyline from cellulose (p. 560), a certain number 
of atoms of nitrous acid (NOJ are substituted for an equal number of atoms 
of hydrogen, the other constituents remaining unchanged. Benzole (C^yHg) 
is in like manner converted by nitric acid into nitro-benzole (C^3H5[N0J), 
by the removal of an atom of hydrogen, and the substitution of an atom of 
nitrous acid, as in the following equation : — 

^C„H^ + ^^0,^^ = ^ C„H ,(NO,) ^ + ^ HO 

Benzole. Nitric acid. Nitrobenzole. Water. 

Water is a product of this reaction : and, when we compare the chemical 
and physical properties of benzole with those of nitrobenzole, there is pro- 
bably no more remarkable change in organic chemistry, than that which this 
substitution effects. 
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Nitrobenzole admits of a still further change, by a removal of its oxygen, 
and the addition of two atoms of hydrogen : it is thereby transformed into 
Aniline^ and becomes the source of an extensive series of most valuable 
dyes : — 

Cj2H,(N0,) + 2H0 + 4Fe = C^^H^N + 2Fe203 



Nitrobenzole. 



Water. Iron. Aniline. Sesquioxide 

01 iron. 



By simple distillation with water and metallic iron, this remarkable meta- 
morphosis is brought about ; and by assuming that aniline contains an a,tom 
of the compound radical, Phenyle (C12H5), this base is frequently described 
as a compound ammonia, in which one atom of phenyle is substituted for one 
atom of hydrogen. Thus ammonia being NHg, aniline (OiaHy,^) may have 
its atoms thus arranged on the type of ammonia (C13H5) NHg. It is ques- 
tionable how far the application of the names of well-known chemical sub- 
stances, possessed of entirely different properties, to compounds of this 
nature, is beneficial to science. It rests entirely on assumption; for the 
atomic arrangement of the elements is insusceptible of proof ; and although 
the doctrine of substitutions affords some ground for the view, it tends to 
produce in the mind of a student a confusion of hypothesis with fact. The 
term ammonia is in these cases employed in an entirely new sense : it is 
intended to signify, not the well-known gaseous compound of nitrogen and 
hydrogen, of defined properties and composition, but a substance wholly dif- 
ferent, and having only an hypothetical resemblance to it in chemical consti- 
tution. Thus, a body which contains one atom of nitrogen, associated with 
one or more atoms of hydrogen, and a group of atoms which is supposed to 
replace the deficient hydrogen, is designated an " ammonia.^'' This may be 
better illustrated by the following table, in which the composition of ammonia 
is given, and the atomic constitution of the radical, substituted for the hy- 
drogen, is also represented. It should be observed that Phenyle (C^gHg) 
has only an hypothetical existence, while Methyle (C3H3) and Ethyle (C^HJ 
have been isolated. 







Eadical substitute for 1 atom 








of hydrogen. 


Ammonia . 


. NHHH 








Methylamine 


. NHHMe 


Me 


= 


^2 Hg 


Ethylamine 


. NHHAe 


Ae 


= 


C4H5 


Dietliylamine 


. NHAeAe 


.... 2Ae 


= 


^8 ^10 


Triethylamine 


. NAeAeAe 


.... 3Ae 


= 


^12^15 


Aniline 


. NHHPh 


Ph 


= 


c,A 



These are all considered to be ammonias, or substitution-compounds of 
ammonia. They agree in constitution, in having 1 atom of nitrogen, asso- 
ciated with 3 atoms of hydrogen, *or with 1, 2, or 3 atoms of the compound 
radical. In accordance with this hypothesis it has been proposed to call 
aniline Phenylamine; but there appears to be no good reason for changing 
a universally received name upon purely hypothetical grounds. Ammonia 
itself might, with an equal disregard of custom and utility, be called Nitra- 
mine, just as arsenuretted and antimonuretted hydrogen have been recently 
designated Arsenamine and Stibamine. The latter are described as "ammo- 
nias'' of arsenic and antimony, because they happen to be constituted of one 
atom of a metallic radical (replacing nitrogen), and three atoms of hydrogen. 
The terms alcohol^ aldehyde^ ether ^ urea^ &c., hitherto restricted to well-known 
special bodies, have been thus vaguely applied by some chemists to com- 
pounds presenting certain hypothetical resemblances of constitution. As 
nothing is really known of the atomic constitution of compounds, such a 
system of nomenclature, if recognized, must necessarily lead to perpetual 
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changes, and to endless confusion. Aniline has already borne the names of 
Kyanol, Phenylamide, Phenylia, and Benzidam. Its present designation 
points to its original source from indigo. It involves no hypothesis of con- 
stitution, and is therefore not liable to be changed by the progress of dis- 
covery. While there can be no objection to any new organic compound 
being designated according to the fancy of its discoverer, there is a serious 
objection to the application of old and well-known names to new substances, 
or to the use of such names in a sense entirely different from that in which 
they have been hitherto universally accepted. 



CHAPTER XLV. 

PROXIMATE ORaANIC PRINCIPLES. STARCH. OUM. PECTOSE. 

GELOSE. SUGAR. 

The proximate principles of the vegetable and animal kingdoms often 
bear a close resemblance to each other. Thus sugar, oil, albumen, and color- 
ing matter, are found in both. Gum appears to be of purely vegetable origin, 
but starch, which has been hitherto considered to be vegetable, has been 
found, according to some authorities, in a modified condition in the organs 
of animals. Urea is peculiar to the animal kingdom. In this and the fol- 
lowing chapters we shall group together those substances which possess 
analogous properties, whether of vegetable or animal origin. 

Starch (G^qH^qO^q). — Starch (Fecula. Amylum) is an organized substance, 
abundant in the cellular tissue of certain parts of plants : it is usually seen 
in the form of a white and somewhat glistening powder, of a specific gravity 
of about 1'5, which, when pressed, produces a peculiar crackling sound, and 
feels somewhat elastic. Under the microscope it is seen to consist of small 
spheroidal grains, differing in size and shape ; the largest, and those best 
adapted to microscopical examination, are obtained from the rhizome of the 
Ganna coccinea^ known under the name of Toiis les Mois: they are about 
one-260th of an inch diameter ; they appear wrinkled, and as if made up of 
concentric layers, and a fissure {hilum) may generally be observed upon some 
part of the grains, which has been regarded as the spot where they adhered 
to the cell containing them. Examined by polarized light, these granules 
present a black cross, the centre of which appears to correspond with the 
hilum. In wheat-starch this cross is not easily observed, but in potato-starch 
it is distinct, so that it has been resorted to as a means of detecting the 
adulteration of wheat-starch with the cheaper varieties. 

Starch is generally represented as insoluble in cold water ; and indeed the 
usual mode of obtaining it, which consists in diffusing the rasped or ground 
vegetable in cold water, and washing and collecting the deposit, seems to 
justify such conclusion ; but if potato-starch is triturated with water at 60^^ 
and the mixture poured upon a filter, the filtrate contains starch : and if a 
dilute solution of starch in hot water is cooled to 60° and filtered, there is 
starch in the filtered liquor. But as starch is an organized substance, and 
cannot be obtained in that state of purity which belongs to crystallized pro- 
ducts, and, as it is convertible into gum and sugar, it may be doubted how 
far some of the properties ascribed to starch, actually belong to this body 
in its pure form. 
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Starch is rapidly disintegrated by hot water : when 1 part of it is gradually 
heated in 15 parts of water to about 130°, it begins to change its appear- 
ance, and at 140° or 150° the whole acquires a pasty consistence, and the 
microscope shows that in this state the granules are swollen and broken : if 
the paste is diifused through water a large portion of them subsides, and the 
supernatant fluid retains some starch, in a modified state, in solution. If 
starch-paste be subjected, under pressure, to a temperature of about 300°, a 
solution is obtained which, on cooling, deposits minute spherical granules of 
about one-4000th of an inch diameter, and having the leading chemical cha- 
racters of the original starch ; so that in this way the varieties of starch may 
be brought to the same physical condition — (Jacqitelain.) 

Starch is insoluble in alcohol and in ether. It forms a tenacious paste 
with weak solutions of potassa or soda, but not with ammonia. With iodine 
it forms a characteristic blue compound, which, provided the iodine is not 
in excess, loses color when heated to about 160°, but regains it on cooling ; 
it is also decolored, with the production of hydriodic acid, by exposure to 
light. This property renders iodine a valuable test for starch, and starch for 
iodine. Paper imbued with a mixed solution of starch and iodide of potas- 
sium is immediately blued by free chlorine and bromine, and has been used 
as a test for ozone (p. 105). 

The ultimate elements of pure wheat-starch, dried at 212°, are represented 
as CigH^oO^o, but when in combination with oxide of lead the compound 
appears to be C^gHgOgjPbO, so that the more correct formula for starch is 
C^g.HgjOg-f HO ) but starch , in its ordinary state, retains a larger proportion 
of water, and it varies in the different varieties of starch. When 1 part of 
starch is dissolved in 150 of boiling water, and precipitated by ammoniacal 
acetate of lead, the composition of the precipitate is G^QH.QOQ+2FhO, 
Starch, when gelatinized by weak solutions of potassa or of soda, may be 
thrown down from these alkaline liquors by neutralizing them with acetic 
acid, and then adding alcohol. A cold solution of starch is also precipitated 
by tannic acid, or infusion of galls. 

The principal commercial varieties of starch are, 1. Wheat-starch ; 2. 
Potato-starch ; 3. Rice-starch ; 4. Arrowroot-starch, obtained from the tubers 
of the Maranta arundinacea; 5. Sago, from the stems of certain palms, and 
which is usually granulated ; 6. Tapioca, the starch of the Jatropha mani- 
hot; T. Tons les Mois, from the rhizome of the Ganna coccinea; 8. Otaheite 
arrowroot, from Ganna pinnatifida ; 9. Portland arrowroot, from the tubers 
of Arum macidatum. 

Metamorphoses of Starch, — When starch is carefully heated to about 300° 
it becomes soluble in cold water, is no longer rendered blue by iodine, and 
has acquired many of the leading properties of gum : the term Dextrine has 
been applied to this substance from its turning the plane of polarization to 
the right when acting on polarized light. But there are other means of 
effecting this change of starch into dextrine (and ultimately into sugar), 
amongst which the most remarkable is that produced by a peculiar azotized 
principle called diastase (from SviaifTjixo, to separate), and which is formed in 
germinating seeds and growing buds. It occasions the change of the amy- 
laceous part of the seed into gum and sugar, during a certain period of its 
growth ; and it is in consequence of its presence in malt that the brewers' 
sweet worts are produced, and that the addition of a little malt to unmalted 
grain changes a large proportion of its starch into saccharine or fermentable 
matter. 

Diastase may be obtained from carefully prepared malt, by bruising and 
digesting it in water at tO° to 80° : the pasty mixture is then pressed, and 
the liquor which runs from it filtered, heated to about ltO°, and again 
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filtered : this filtrate retains the diastase, and may be used for many purposes 
as a solution of that substance, but it also retains other matters which may 
be separated by absolute alcohol : this throws down the diastase. It is a 
white flocculent substance, soluble in water, insoluble in alcohol, tasteless, 
and easily decomposed : its effects upon starch are destroyed at a boiling 
heat : its ultimate composition has not been determined, but as certain other 
organic products effect similar changes upon starch, such as gastric juice, 
animal membrane, yeast, &c., its claims to be considered a distinct principle 
have been doubted. Its power of changing starch into dextrine and sugar 
is such that 1 part of it is capable of thus modifying 2000 parts of starch : 
its effect may be well shown by adding a little of it to a thick starch paste, 
heated to about 180^; it immediately becomes fluid, gummy, and sweet. 

When starch-paste is warmed with water acidulated by sulphuric acid, it 
also passes into dextrine. The same change may be effected by very dilute 
nitric acid : Payen's method consists in moistening 10 parts of starch with 3 
of water, containing one- 15 0th part of nitric acid, and drying it in thin lay- 
ers in a stove heated to about 240^. In two hours the conversion is com- 
plete. 

Dextrine {^^^^qO^,^ is nearly tasteless, uncrystallizable, soluble in water, 
insoluble in alcohol, and of the same coniposition as starch and gum ; it is 
not blued but reddened by iodine, and differs from gum in forming a deep 
blue liquor with a solution of sulphate of copper, which deposits suboxide 
of copper when boiled. With acetate of lead and ammonia it gives a preci- 
pitate = C,2H,oO,o,2PbO. 

Uses of Starch. — Starch is not only largely consumed in the manufacture 
of dextrine, but is in common use for stiffening various fabrics and articles 
of wearing apparel ; and for this purpose a slight blue tinge is generally 
given by a little indigo, Prussian blue, or smalt. Thin and cheap calicoes 
are often largely imbued with starch and sulphate of soda, to make them ap- 
pear of greater substance than they- really are. 

Lozenges, and various articles of confectionery, consist partly of starch. 
Cheap sugar-plums are composed of refuse starch, with chalk, gypsum, and 
other trash : a spurious refined liquorice is also made upon the same principle. 
Stone-hlue is a compound of indigo, or Prussian blue, and the inferior kinds 
of starch. Among the substances used to adulterate starch, porcelain-clay 
was at one time prevalent. Considered as an article of food, as a part of 
the diet of children and of invalids, and as a component of our most nutritious 
vegetables, starch is very important. But, although eminently adapted to 
form part of our food, it is not fitted for exclusive nutriment ; and this is 
the case with all vegetables deficient in nitrogen. 

Gum (C^^H^.O,,). 

Several modifications of a distinct proximate principle of vegetables are 
included under the term gum : they are not organized, like starch, nor are 
they crystallizable, like sugar : they either readily dissolve in water, hot or 
cold, or swell up into a viscid mass when moistened ; and they are tasteless, 
and insoluble in alcohol and in ether. Their principal varieties may be de- 
scribed as Arahine and Bassorine. 

Arabine, as represented by Gum Arabic, is the produce of various species 
of Acacia; its sp. gr. is from 1*30 to 1*50. It forms a viscid mucilage with 
water, which slightly reddens litmus, and leaves a transparent glaze or var- 
nish when it dries. Alcohol throws down a white hydrated gum from its 
solution : it produces a rotation to the left of a polarized ray of light. 
The alkalies and alkaline earths form soluble compounds with arabine, but 
with several metallic oxides {e.g. lead and iron) it produces definite, insolu- 
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ble precipitates, which have been called Arahinates : thus, with subacetate 
of lead the white compound which falls is YhO.Q^^^fi^^, It is not preci- 
pitated by a solution of neutral acetate of lead, but it is thrown down by 
persulphate of iron and nitrate of mercury. When potassa is added to a 
solution of gum and sulphate of copper, a blue arabinate falls, which is not 
decomposed by boiling ; this distinguishes arabine from dextrine. Many of 
the concentrated acids decompose gum, but when boiled with very dilute 
sulphuric acid it is gradually changed into dextrine and glucose. It absorbs 
chlorine and produces a peculiar acid : it also absorbs hydrochloric acid. 
Nitric acid converts it into Mucic acid {Q^^Jd^fiRO.) Bromine and iodine 
are without action upon it. Oxalate of ammonia indicates the presence of 
lime in a solution of gum arabic, and lime is found in its ash. 

BassoTine. Tragacanthine. — Gum Tragacanth may be taken as the type 
of this modification of gum. It is the produce of different species of Astra- 
galus. When steeped in water it swells into a bulky mucilaginous mass, 
which, when long boiled, acquires the general properties of arabine. Cherry- 
tree gum, or Cerasine, and the gum which exudes from peach and apricot 
trees, and other species of prumis, seems to be a mixture of arabine and 
bassorine. There is also a number of mucilaginous substances, such as those 
derived from quince-seed, linseed, marshmallow root, &c., which closely re- 
semble the varieties of gum. 

Pectose. Vegetable Jelly. — A gelatinous principle has long been recog- 
nized as one of the proximate components of vegetables : it is derived, ac- 
cording to Fremy, from the presence of Pectose {riyixtoi, coagulated), a sub- 
stance usually associated with the cellular tissue, and which is insoluble in 
water, alcohol, and ether, but which, under the influence of acids, aided by 
a gentle heat, becomes converted into a soluble gelatinous substance, Pectine, 
represented by the formula CgiH^gjOg^. Pectine is found ready formed in the 
juices of ripe fruits, in consequence of the action of their acids upon the 
original pectose. It may be obtained from the expressed juice of ripe pears 
or apples (after the lime which it contains has been precipitated by oxalic 
acid, and the albumen by a strong solution of tannin), by means of alcohol, 
which throws it down in gelatinous filaments. When pure, it is white, neu- 
tral, not crystallizable, soluble in water, but insoluble in alcohol and in ether: 
it is precipitated by subacetate, but not by neutral acetate of lead. When 
its aqueous solution is long boiled, it loses viscosity, and is changed into 
parapectinCy which does precipitate neutral acetate of lead ; and if boiled 
with a dilute acid, it is further modified into metapectiney which is distin- 
guished by precipitating a solution of chloride of barium. 

Pectic Acid {Q^^^O^^,^'E.O). — Pectine and its modifications are changed 
into pectic acid by the action of weak alkaline solutions ; and the soluble 
p^ctates thus formed may be decomposed by other acids. Pectic acid is 
generally obtained by boiling the pulp of certain roots, of carrots, for 
instance, with a very weak solution of an alkaline carbonate, and precipi- 
tating by chloride of calcium ; the precipitate, after having been well washed, 
is decomposed by dilute hydrochloric acid, which leaves the pectic acid in 
the form of a jelly, insoluble in cold water, but which, when long boiled in 
water, is changed into parapeptic acid, which is soluble in water, sour, and 
is precipitated from its solutions by baryta water : its formula is 
(Cg^HjgOgijSHO). Under the influence of powerful acids, or alkaline bases, 
pectine and its modifications are further changed into mstapectic acid^ 
(CgH507,2HO), which forms soluble salts with all bases. 

Pectic Permentation.—Y QciosQ is always associated with a substance which 
Fremy calls Pectase, having a special action upon it (as diastase has upon 
starch), and which he represents as the ferment of the gelatinous products. 
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It is obtained by adding to fresh carrot-juice, alcohol, which throws it down 
in an insoluble form, but it retains its characteristic properties. It transforms 
pectine (at a temperature between SO'^ and 90^) into a substance insoluble 
in cold water (Pectosic acid) J Q^nd subsequently into Pectic acid, as above 
described. None of these pectic compounds exert any rotatory action on 
polarized light. 

GrBLOSE. — There are many Algae, Fuci, and Lichens, which abound in a 
peculiar gelatinizing principle. One of the most remarkable is the Gelidium 
corneuniy from which an article is prepared known commercially as Japan 
Isinglass. The gelidium corneum contains 58 per cent, of substances soluble 
in boiling water. The dried gelatinous compound obtained from it is 
insoluble in cold, but soluble in hot water. It sets into a firm jelly on 
cooling, even when it forms only one-120th part of the weight of the water. 
One part of isinglass (animal gelatin) produces a similar jelly with about 80 
parts of water. The vegetable jelly is neutral, tasteless, and imputrescible. 
It is insoluble in alcohol, ether, and weak acids. Unlike animal jelly, it is not 
precipitated in solution by tannic acid, and it is not altered by a solution of 
iodine or subacetate of lead. It has been proposed to substitute it for the 
varieties of animal gelatine, but it is destitute of nitrogen, having the formula 
C^^HgtOg^ {Rep, de Pharm., Jan. 1860). The edible birds^-nests, esteemed 
as a delicacy in China, are constructed by a species of swallow, of the 
Plocaria Candida. In some of these Alg^, however. Dr. Davy has found 
from 2 to 4 per cent, of nitrogen ; and it is probable that researches directed 
to the use of these allied vegetables as food, would greatly extend the 
number of edible species. Many of them abound also in a modification of 
sugar {Mannite) and they are extensively used as manures and as sources of 
iodine. 

The Ghondrus crispus (Irish, or Carrageen moss) contains nearly 80 per 
cent, of a gelatinous principle which has been called Garrageenin (C^gH^oOjo) ; 
and in the Getraria Islandica Berzelius found from 40 to 50 per cent, of a 
mucilaginous matter which he compares to starch. {See ** Stanford on the 
Economic applications of Seaweed,'' Journ. Soc. of Arts, Feb. 1862.) 

Sugar. 

There are two leading varieties of sugar. Cane- Sugar {Sucrose) and 
Grape-Sugar {Glucose). To these some writers have added Fruit-Sugar, 
or Fructose. 

Cane-Sugar (Ci2HgOg,2HO) is chiefly obtained from the sugar-cane, each 
gallon of its juice yielding about a pound : it is also derived from beetroot, 
which yields from 4 to 5 per cent. ; from the sap of the sweet maple, and 
from some other sources, especially from the stalks of Indian corn or maize, 
the juice of which is nearly as rich in sugar as that of the cane. Several of 
the palm tribe, such as the date and cocoa-palm, are also important sources 
of this kind of sugar. 

The general characters of cane-sugar, and its ordinary commercial varieties 
are well known. Its sp. gr. is about 1*6 ; it dissolves in one-third its weight 
of water at 60^, producing a viscid syrup^ which affords, by spontaneous 
evaporation, prismatic crystals of candy. A solution saturated at 230^, 
concretes into a granular mass or tablet ; but when boiled down until it 
acquires a tendency to vitreous fracture on cooling, or till a portion thrown 
off from a stirrer, concretes, ox feathers as it falls, it congeals into a transpa- 
rent amorphous mass {barley- sugar) which, however, has a tendency to 
become opaque, and pass into a granular crystalline texture, exhibiting a 
case of dimorphism : this change is prevented by the addition of a little 
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vinegar or tartaric acid. Absolute alcohol dissolves about one- 8 0th of its 
weight of this sugar at its boiling-point, nearly the whole of which separates 
in small crystals on cooling. If equal parts of strong syrup and of alcohol 
are mixed, a quantity of small brilliant crystals of sugar is soon deposited. 
Pure cane-syrup is not prone to change; but certain substances, when 
present only in very minute proportions, materially affect the stability of the 
solution, and lead to a series of curious changes which will be adverted to 
under the head of Fermentation, 

When a thin cane-syrup is long-boiled, it gradually grows less viscid, and 
slowly passing into a modified state, ultimately becomes brown and uncrys- 
tallizible ; so that, where saccharine liquids are concerned, the protracted 
application of heat should be avoided; and if mere traces of acid or alkali 
be present, these changes are promoted, and new products result, some of 
which form insoiable compounds with the majority of basic bodies, and have 
been termed melassic and melassinic acids ; others resemble ulmic and humid 
acid (sachulmine), 

defining of ISugar. — The process of refining sugar, or of converting the 
varieties of raw, brown, or Muscovado, into white loaf-sugar, is extensively 
carried on in London and Liverpool. The sugar is first dissolved in lime- 
water, by the aid of steam, in a metal tank called the hlowing-up pan, and 
a portion of bullock's blood, technically termed spice, is usually added, the 
albumen of which, as it coagulates, entangles many impurities, carrying them 
to the surface, and so enabling them to be skimmed off, together with some 
insoluble products of the action of the lime. The liquor, thus far clarified, 
is then transferred to a series of cotton filtering bags, till it runs through 
them quite bright, but still of a dark color. To decolor it, it is passed 
through bone-black, or other varieties of charcoal, contained in vertical 
metallic cylinders, the effect of which is to render the dark-colored syrup 
colorless and bright. In this condition, and of proper strength, it is trans- 
ferred into the vacuum pan, and boiled down under diminished pressure, 
and at a temperature of about 150^, till of sufficient density to be drawn off 
into a vessel now termed the heater, but which when, as formerly, the syrup 
was boiled down over an open fire, and at a temperature of not less than 
230^, was called the cooler. Here the temperature of the syrup, now inclined 
to crystallize, is raised to about 115^, under constant stirring, and it becomes 
a kind of magma, which Infilled out into proper conical moulds of copper, 
zinced iron, or earthenware, the orifice at the apex of each mould being 
plugged by a paper stopper. As soon as this magma has consolidated upon 
the upper surface (or the base of the cone) it is well stirred up again, and 
in due time the stoppers are removed, so as to allow the uncrystallized 
liquid to drain away into vessels placed for its reception. The loaves are 
now submitted to a peculiar washing or cleansing operation, sometimes called 
claying, which consists in the application of a thick mortar or magma of 
sugar and water (now used instead of clay) to the base of the loaf, portions 
of the fluid from which gradually percolate the loaf, carrying the dark-colored 
syrup, or treacle, before them. Finally, an operation termed liquoring is 
resorted to ; that is, a dense and very pure syrup is poured upon the base of 
the loaf, previously smoothed by a bottoming trowel, and as this filters through 
the cone, it deposits a portion of its sugar in its way, and at the same time 
washes out the relics of colored syrup. When this process is completed, 
and all percolation has ceased, the loaf is knocked out of the mould, and 
if above 16 pounds' weight, is truncated by cutting off the apex, so as to 
form what is called a lump, or titler; or if intended for a loaf proper, a new 
apex is given to it by a conical cutter or nosing machine. Finally, the loaves 
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are papered, and deposited on trellised shelves in a room called the siove^ 
heated to about 130°; till dry throughout. 

Grape-Sugar; Glucose {Q^^^fi^^, or Q^^^Jd^^-\-^^0) This modifi- 
cation of sugar abounds in grapes, figs, plums, and other fruits : it is also 
the result of the action of diastase, and of dilute acids upon starch. In good 
seasons the expressed juice of grapes yields from 30 to 40 per cent, of solid 
matter, the greater part of which is this kind of sugar. When obtained 
from fruits, it is accompanied by more or less of an uncrystallizable sugar 
{Fruit-sugar or Fructose, C^gH^gO^g), which, however, by assimilating the 
elements of water, passes into the condition of grape-sugar, or glucose. The 
conversion of starch into this kind of sugar has been adverted to (p. 522). 
It is a process extensively carried on as a commercial manufacture, especially 
in France. Potato-starch and sago are principally used : they are saccha- 
rized by the action of dilute sulphuric acid (10 parts of acid to 1000 of 
water and 500 of starch). The dilute acid is heated by steam, and the 
starch, previously mixed with water of a temperature between 112^ and 130°, 
is suffered gradually to dribble-in under constant stirring ; its conversion 
into dextrine is immediate ; in about two hours and a half the whole of the 
starch is added, and in from 15 to 25 minutes afterwards, the saccharification 
is complete ; the steam is then shut off, and the liquor transferred to another 
vat, in which the acid is saturated with chalk. When the sulphate of lime 
has subsided, the clear liquid is drawn off and evaporated to the sp. gr. of 
about r26. The resulting syrup is then left to deposit the sulphate of lime 
separated during evaporation, and afterwards drawn off perfectly clear. In 
this state it may be used as a source of alcohol, or for sweetening colored 
liquors ; but it requires, for the greater number of purposes, to be deprived 
of color, which is done by filtering it through animal charcoal. When 
required in its solid state, the syrup is evaporated in a steam vat till of a sp. 
gr. of about 1*4, and then poured into coolers, where it concretes. 

Glucose, or fruit-sugar, differs from sucrose, or cane-sugar, in being less 
soluble in water, and more soluble in alcohol, so that the two may be to 
some extent separated by the action of alcohol. The sweetening power of 
glucose is also greatly inferior to that of sucrose, 2 parts of the latter being 
in this respect equivalent to about 5 of the former. Sucrose easily crystal- 
lizes in prisms, but glucose forms tubercular concretions, or fibrous acicular 
groups, = Ci2Hj30j3,2HO. Both these sugars form definite crystallizable 
compounds with chloride of sodium. 

When cane-sugar is heated to about 320° it melts, and at about 400*^ 
becomes brown, deliquescent, and slightly bitter, losing water (2 atoms), 
and passing into Caramel, = C^gllgOg. In this state it is used for coloring 
wines and spirits : it is soluble in water, but is thrown down from its solu- 
tion by excess of alcohol. It combines with certain bases, such as baryta 
and oxide of lead, forming insoluble compounds. Heated to about 500°, 
melted sugar bursts into flame, and leaves a porous mass of nearly pure 
charcoal. 

When grape-sugar is heated to 212° it softens, and loses 2 atoms of water 
becoming {O^^^fi^^ ; at 284° it passes by further loss of water into caramel, 
C^gHgOg, and at a higher temperature is entirely decomposed. 

Solutions of cane and of grape-sugar produce a right-handed rotation 
upon a ray of polarized light. 

Concentrated sulphuric acid acts energetically upon cane-sugar, evolving 
water, carbonic and formic acids, and charcoal. It is a striking experiment 
to mix about equal bulks of oil of vitriol and strong syrup : the mixture, 
when stirred, becomes brown and black, then suddenly heats, boils up, and 
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passes into the state of a bulky black magma : the acid appears suddenly to 
abstract the elements of water from the sugar, leaving charcoal. 

The action of sulphuric acid upon grape-sugar is very different: it merely 
renders it brown, and a new compound, sulpfwsaccharic acid^ is produced, 
characterized by forming soluble salts with lime and baryta. 

Boiled with very dilute sulphuric or hydrochloric acid, cane-sugar becomes 
fruit or grape-sugar, by the assimilation of an atom of water ; and under 
the influence of yeast {see Alcoholic Fermentation) there is a similar 
transition of the one species of sugar into the other; but the converse 
change, namely, that of grape or fruit-sugar into cane-sugar (glucose into 
sucrose), cannot be effected. Nitric acid changes the varieties of sugar into 
saccharic and oxalic acids. In the presence of decomposing casein and 
chalk, sugar forms lactic acid^ and under the influence of certain substances 
occasionally present in raw sugar, it passes into a ropy mucilage and into 
mannite. 

Action of bases upon Sugar. — When lime or baryta is boiled with sugar 
and water a bitter solution is formed, which is said to contain a definite 
saccharide (2CaO, or 2BaO, + Ci3H909). Freshly precipitated oxide of lead 
is similarly dissolved, and on cooling, a white compound falls, which, after 
having been dried at 212^, is =2PbO + Oi2H90g. Many of these compounds 
are soluble in excess of alkalies, and hence the presence of sugar sometimes 
prevents the precipitation of metallic oxides from their salts. In other cases 
sugar tends to reduce the oxides. The compounds of glucose with bases 
are less stable than the preceding, this sugar gradually passing in glucic acid 
(CigH-O^jSHO), which under the influence of heat becomes apoglucic acid 
(0^8^908,2110) : and ultimately melassicacid is formed. Grape-sugar is dis- 
tinguished from cane-sugar by boiling it in a solution of potassa. The for» 
mer alone darkens as the result of the formation of glucic acid. This is 
commonly known as Moore's test. 

Tests for Sugar. — The deoxidizing property of glucose above-mentioned 
is the foundation of a valuable test of its presence ; and inasmuch as the 
other varieties of sugar are transformed into glucose by the joint action of 
very dilute acids and heat, the same mode of testing is applicable to sugar 
generally. Certain salts of copper and of platinum are especially applicable 
to these purposes. When a little cane-sugar is added to a dilute solution of 
copper, and the mixture heated, little immediate change ensues ; but with 
fruit-sugar the blue color of the liquor is presently changed to green, it then 
becomes yellowish or reddish-brown, and suboxide of copper or metallic 
copper falls: these changes are more rapid when a little alkali has been 
added to the solution. The best form of the copper-test of the presence of 
sugar is the soda tartrate of copper , obtained by dissolving recently precipi- 
tated tartrate of copper in a solution of soda or of carbonate of soda : it is 
immediately discolored, and reduced ; when boiled with a trace of glucose ; 
and when used quantitatively, it will be found that 15 parts of the precipi- 
tated suboxide of copper are equivalent to about 5 of cane-sugar. A hot 
solution of nitrate of suboxide of mercury is immediately blackened by glu- 
cose, and finely divided mercury falls : in the same way a boiling solution of 
corrosive sublimate deposits calomel, which is afterwards partially reduced : 
red oxide of mercury is also reduced when boiled in the saccharine solution. 
Solutions of nitrate of silver and of chloride of gold, when boiled with glu- 
cose, afford precipitates of silver and gold : when in these cases, excess of 
carbonate of soda is present, the effect is more rapid, and in this way the 
chlorides of platinum and palladium are reduced. A delicate test of glucose 
is the soda-chloride of platinum formed by adding excess of a solution of 
carbonate of soda to a moderately dilute solution of chloride of platinum. 
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When this solution is boiling, an atom of cane-sugar dropped into it pro- 
duces no effect, but it is instantly discolored, and ultimately blackened, by 
the smallest trace of fruit-sugar. Where these tests are used, the absence 
of other organic matters likely to effect their decomposition, must be insured. 
The ultimate components of the preceding varieties of sugar are as fol- 
lows : — 
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Honey. — The substance secreted in the nectaries of flowers is converted 
by the bee into honey and wax : the portion not required for their food, is 
returned into the combs in the form of a yellow syrup, the qualities of which 
differ according to the flowers whence it has been derived. In its original 
liquid state it probably resembles uncrystallizable sugar of fruits, &c. (Fruc- 
tose, C^gH^gO^g) ; but when kept for some time, a large portion of it passes 
into a granular form, identical with glucose =0i2H^4O^4. But honey also 
contains a little wax, gum, coloring matter, and mannite. 

Diabetic Sugar ^ or that which is formed in a diseased state of the animal 
system {diabetes)^ \i2^^ all the properties of grape-sugar or glucose. It may 
be separated from the extract of diabetic urine by boiling alcohol. 

Mannite; Manna-Sugar (CgHyOg). — This substance is most abundant in 
manna, but also found in beetroot, celery, asparagus, onions, and probably 
in other sweet plants : it is also contained in the sap of the larcli^ and other 
species of pinus (Manna Brigantina). It has been detected by Dr. Sten- 
house in Laminaria Saccharina, and some other fuel. Manna exudes from 
several species of ash, especially from the Fraxinus ornus and rotundifoUa. 
Mannite is obtained by boiling manna in alcohol, from which it crystallizes 
in acicular prisms. It forms about four-fifths of the best manna ; the residue 
being chiefly common sugar, and a peculiar extractive matter, in which the 
aperient quality of the manna is said to reside. Mannite is also an occasional 
product of viscous fermentation. 

Mannite is very soluble in water, but is not susceptible of vinous fermen- 
tation, so that it. may in this way be separated from the other varieties of 
sugar; for, when mixed with them, it remains undecomposed in that process. 
Nitric acid converts it into saccharic and oxalic acids, without any trace of 
mucic acid. Its aqueous solution precipitates basic acetate of lead, forming 
a compound in which 2 equivalents of water are replaced by two of oxide of 
lead, =C0H5O4,2PbO. It reduces chloride of gold and nitrate of silver, but 
does not precipitate an alkaline solution of tartrate of copper. It combines 
with sulphuric acid, forming sulphomafinitic acid, =0^11504,2803. 

Glycyrrhizine (CggELggO^a) ^s the sweet principle of liquorice-root: it forms 
difficultly soluble compounds with many acids and bases, and is not suscep- 
tible of vinous fermentation. 

There are some other substances allied to these modifications of sugar, 
which do not require detailed notice, such as Melitose and Eucalyn, the pro- 
duce of the Eucalyptus mannifera ; Sorbine, from the berries of the mountain- 
ash ; Quercite^ from acorns. 
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CHAPTER XLVI- 

ALCOHOLIC OR VINOUS FERMENTATION, ALCOHOLIC 

LIQUIDS. 

By fermentation, we are to understand the conversion of an organic sub- 
stance into one or more new compounds, in presence of a body called a fer- 
ment (p. 500). Hence there are various kinds of fermentation, designated 
according to their products — vinous or alcoholic, lactic, butyric, acetous, &c. 
In vinous fermentation sugar is resolved into alcohol and carbonic acid. 
Sugar itself is not absolutely necessary to the process; for starch, dextrine, 
or any substance capable of being easily converted into sugar, under the cir- 
cumstances, may be substituted, and similar products obtained. The con- 
version of the substance into sugar appears to be, however, an essential 
preliminary condition for the establishment of the process. It is well known 
that a portion of malt or saccharized barley, mixed with unmalted grain, will 
produce alcohol — the starch and dextrine of the unmalted grain being con- 
verted into sugar during the process. In the same way alcohol may be pro- 
duced in large quantity, by the mixture of the starchy pulp of the potato with 
a portion of treacle. The fermentation of dough in the making of bread ap- 
pears to depend on similar principles; a portion of the starch is converted 
into sugar, and in the presence of a ferment, the sugar is immediately 
I'.esolved into alcohol and carbonic acid. 

Pure sugar, extracted from the vegetable and dissolved in water, has no 
tendency to undergo this remarkable change. A solution of pure cane- 
sugar is slowly converted into grape-sugar, but there the change stops : no 
alcohol is produced. The saccharine juices of vegetables, however, readily 
ferment^ owing to the presence of a nitrogenous principle with which they 
are usually associated. This is called ^ferment. It is an organic compound 
containing nitrogen, and is readily susceptible of change by simple exposure to 
^ir. In this state it possesses the property of rapidly inducing changes in any 
saccharine liquid. Gay-Lussac observed long since, that when fresh grape- 
j^jiice w,as collected in a vessel containing carbonic acid, and placed over mer- 
cury, no fermentation took place, although all other circumstances were 
favorable to this process. When the juice was exposed to air and a proper 
temperature, it rapidly fermented, and when once this fermentation had com- 
menced, it continued until the saccharine matter was entirely decomposed. 
If to the unfermented juice, placed over mercury, a few bubbles of air or 
oxygen w€r€ admitted, the same change took place, and continued until the 
sugar was exhausted, a large quantity of carbonic acid being at the same 
time evolved, while the liquid was found to have lost its saccharine, and to 
have acquired a spirituous or alcoholic flavor. These facts prove that there 
is present in grape-juice, a substance which by contact with oxygen under- 
goes a change, and becomes a ferment ; and further, that the saccharine 
juices of fruits do not ferment, because the access of free oxygen is cut off by 
the epidermis of'the fruit. 

A saccharine solution of malt, called wort^ will un.dergo similar changes, 
by reason of the nitrogenous principles contained in the grain. The custom 
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is, however, to add to the liquid, for the purpose of accelerating the change, 
a quantity of nitrogenous compound called yeasty or harm^ derived from a 
previous fermentation. This constitutes the ferment. It produces a rapid 
conversion of the saccharine matter into alcohol and carbonic acid ; and at 
the same time causes the separation of the nitrogenous principles of the wort 
in the form of additional ferment or yeast. The quantity of new yeast thus 
procured, amounts to seven or eight times the quantity of that which has 
been added to the wort. 

It has been shown by Mitscherlich {Poggend, Ann.^ iv. 224), that the 
actual contact of the particles of the yeast with the dissolved sugar is 
essential. He suspended a wide glass tube, the bottom of which was closed 
with bibulous paper, in a jar of a solution of sugar, the tube being itself filled 
with the same solution. Some yeast was then put into the syrup contained 
in the tube, where it soon induced fermentation, and the alcohol there formed, 
passed through the pervious bottom, and, together with carbonic acid, 
diffused itself in the surrounding liquor : but the actual phenomena of fer- 
mentation — namely, the decomposition of the sugar and the formation of 
alcohol and of carbonic acid — were limited to the syrup in the tube contain- 
ing the ferment, and the sugar in the outer vessel remained unchanged. 
Quevenne found that yeast which had been deprived of all matter soluble in 
water, still retained its power of exciting fermentation. The active part of 
yeast is composed of minute vesicles, or globules, and during fermentation 
these germinate in the saccharine liquor, producing a microscopic fungus, the 
Torula or Mycoderma eerevisice. The plant, according to one theory of the 
process, is supposed to grow at the expense of the sugar, giving out carbonic 
acid, and leaving alcohol. According to Andral and Gavarret {Ann. Ch. et 
Ph., 3^me ser., viii. 399), there are two species of vegetable seeds contained 
in yeast, which may be separated by diluting it with water : in a few days 
globules fall to the bottom of the vessel, forming a gray pulverulent deposit 
which is extremely active in producing alcoholic fermentation when added to 
saccharine solutions ; but at the same time a film forms upon the surface of 
the liquid, which consists of germs (of Penicillum glaucum) having no 
power to excite fermentation : these latter germs make their appearance in 
all acid albuminous liquids, and h^com^ filamentous, while the true producer 
of alcoholic fermentation always retains its globular form. According to 
Mitscherlich, the active part of yeast which remains after it has been washed 
with water, consists of: 
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Of this yeast (in the dry state) from 2 to 3 parts are required for the 
decomposition of 100 parts of sugar; and if there is excess of sugar, it 
remains unchanged after the fermentation. That portion of the yeast which 
remains in the form of a deposit after fermentation is over, is inefficient as a 
ferment ; it appears, when examined under the microscope, to consist of the 
ruptured cells, and is not susceptible of vegetation ; so that during the 
fermentation of sugar, a certain portion of the yeast-piant dies, and is 
decomposed, the living plant being required to sustain the fermentative 
process. If more yeast be present than is required for the decomposition of 
a certain quantity of sugar, the deposit which is in that case formed, consists 
partly of broken and partly of entire cells, and the latter retain their power 
pf inducing fermentation. It further appears that that portion of the yeast 
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which has become inert as a ferment, has lost the greater part, if not the 
whole, of its nitrogen ; and certainly, one of the results of the changes which 
ensue during saccharine fermentation, appears to be the formation of 
ammonia, which may, although so small in quantity as generally to elude 
observation, be easily detected amongst the gaseous products. 

For the formation of artificial yeast or ferment, the requisites appear to 
be the presence of sugar, of an azotized principle, water, and exposure to 
air at a moderate temperature. Any nitrogenous substance partly decom- 
posed may act as a ferment. Thus gluten, albumen, casein, or fibrin, of the 
vegetable or animal kingdom, provided it be in a state of change or partial 
decomposition, may act as a ferment to saccharine liquids. 

To obtain a ferment, in the first instance, a quantity of ground malt may 
be made into a thick paste by the addition of some concentrated wort, at a 
temperature of about 70° to 75°, so as to convert the starch into sugar; a 
little alcohol is then added, and after a few days, when the violence of the 
fermentation has subsided, a deposit of ferment is formed. An artificial 
yeast may be thus prepared : A small handful of ordinary wheat flour is 
made into a thick paste with cold water, covered with paper, and left seven 
days in a warm room, being occasionally stirred (Fownes). 

The yeast-cells, when treated with an aqueous solution of iodine, are found 
to consist of a colorless envelope, of the nature of cellulose, containing a 
fluid which acquires a brown color from the iodine. If yeast is dried in 
vacuo, or at a low temperature, it is converted into a hard, horny, translucent 
substance. It reacquires its property of exciting fermentation when 
digested for some time in cold water. German yeast appears to be a par- 
tially dried mass of cells. It has undergone washing to free it from the 
impurities of the fermented liquid, and is then dried at a low temperature. 
This yeast is chiefly obtained from the distilleries of Holland, and is now 
largely imported into England. Boiling water destroys the fermenting pro- 
perties of yeast ; but unless boiled so long as to have its chemical nature 
entirely changed, it reacquires a fermenting power on exposure to air. As 
the yeast-cells are composed of a cellulose envelope, containing an albuminous 
liquid, these properties are destroyed by chemical reagents : thus alcohol, 
common salt, strong acids and alkalies, destroy its fermenting power. Weak 
vegetable acids appear to accelerate fermentation. Yeast is generally acid, 
and this state of acidity probably operates favorably by converting any 
cane-sugar present in the fermenting liquid, into grape or fruit-sugar, which 
more easily undergoes fermentation. 

The temperature which is found to be most favorable for vinous fermenta- 
tion is about 10^, but it will take place at all temperatures between 40^ and 
80^. The lower the temperature the slower the process. At a high tem- 
perature the alcoholic rapidly passes into the acetous fermentation. 

The process of vinous fermentation appears to be so identified with sugar, 
that it has been employed as a test for this principle ; and the amount of 
carbonic acid obtained has been employed as a measurer of the quantity of 
sugar present. A strong solution of sugar will not, however, ferment ; it 
requires a certain state of dilution with water, in order that the process 
should take place. Further, sugars differ among each other in the readiness 
with which they take on this property. Pure cane-sugar (sucrose, O^Jl^^O^^ 
does not readily ferment ; grape-sugar {glucose^ ^i^^ifiid i^ easily fermented, 
but the process takes place most readily in fruit-sugar {fructose) ^ represented 
by CigH^gO^a. The examination of the solutions of these sugars by polarized 
light, during fermentation, renders it highly probable that both cane and 
grape-sugar are converted into fruit-sugar before they undergo the change. 
These two sugars belong to the crystallizable variety, and their aqueous 



ALCOHOLIC FERMENTATION. CHEMICAL CHANGES. 533 

solutions are dextrogyrate under polarized light — i, e., they turn the polar- 
ized ray from left to right. The fruit-sugar, which is uncrystallizable, is 
Isevogyrate, turning the ray from right to left. Cane-sugar ferments slowly, 
because some time elapses before it is perfectly converted into fruit-sugar by 
the acids contained in the ferment. In this stage its rotatory power on 
polarized light is inverted. Cane-sugar also requires for its conversion, a 
much larger quantity of ferment than other sugars. When fermentation is 
complete, 100 parts of fruit-sugar are resolved into 51*12 of alcohol and 
48*88 of carbonic acid, so that the ferment adds nothing to and removes 
nothing from the elements of sugar. In fact, it appears, by a catalytic 
action, simply to resolve the sugar into these two compounds. The changes 
may be thus expressed : — 

c,,H,,o,, + HO = C„H„o,, 




Cane-sugar. Water. Fruit-sugar. 

+ 2H0 

Grape-sugar. Fruit-sugar. Water. 

An atom of cane-sugar combines with the elements of water to produce 
fruit-sugar, while an atom of grape-sugar, by losing two atoms of water, 
becomes at once converted into fruit-sugar. 1 atom of this compound is 
resolved by fermentation into 4 atoms of carbonic acid, and 2 atoms of 
alcohol : — 

C,.H,,0,2 == 4C0, + 2C,HA 



Fruit-sugar. Carbonic acid. Alcoliol. 

How does the ferment operate to effect this remarkable change ? Yital, 
chemical, and dynamical theories have been suggested, in order to explain 
the phenomena. The vital theory assigns the cause to the growth of a 
fungus derived from the yeast-cells. This is said to become developed at 
the expense of the sugar ; but the objection to this view is, that the elements 
of the sugar are not removed by the fungus : they merely assume a new 
arrangement. Since the discovery of the fact that the ferment practically 
takes no direct share in the changes, no chemical theory has been suggested, 
which can adequately explain this conversion. The dynamical theory, ad- 
vocated by Liebig, involves the assumption that the molecules of the ferment 
are in a state of motion, arising from their partial decomposition ; and that 
this motion is mechanically communicated to the atoms of sugar, which 
thenceforth arrange themselves in the form of more stable compounds. This 
hypothesis, however, fails to explain why the particular compounds in 
question are invariably produced, or how the motion of atoms (if it exists) 
can bring about such remarkable chemical changes. 

The phenomena of fermentation may be experimentally demonstrated by 
dissolving in a quart of water at a temperature of tO°, half a pound of 
treacle and half a pound of brown sugar, adding to the solution one pound 
and a half of bruised raisins, and a pint of fresh yeast. This mixture may 
be placed in a capacious glass globe, provided with a cork, and exposed to 
a temperature of from tO^ to 80*^. In about an hour fermentation will 
commence : the liquid will appear to be in continual motion, by reason of 
the bubbles of carbonic acid, as they are evolved, rising to the surface, and 
carrying with them portions of the yeast and the husks of the raisins. The 
gas there escapes, and as the solids again sink they gradually acquire a fresh 
coating of bubbles, which they carry up as before ; and in this way that 
motion of the whole mass of liquor is produced which is so characteristic of 
active fermentation, and which, provided a sufficiency of ferment be present 
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is maintained so long as any sugar remains to be decomposed. The process 
is attended by a considerable elevation of temperature, and when complete, 
the liquor clears, the yeast falls to the bottom, the sugar has vanished, and 
is replaced by alcohol. A trace of ammonia also at the same time makes 
its appearance. 

Air or oxygen is not necessary to these changes : they go on readily in a 
close vessel. Too free an exposure of the liquid to air would cause a loss of 
alcohol, or the conversion of a part of this product into acetic acid. Al- 
though the ferment takes no direct part in the changes, a portion of it, equi- 
valent to about 2 per cent, of the weight of the sugar, invariably disappears 
during the process. There is a certain relation between the proportions of 
sugar and ferment, which must be observed, in order to obtain the most sa- 
tisfactory results. Ilegnault found that 4 parts of cane-sugar dissolved in 
16 parts of water, required for their complete fermentation 1 part of fresh 
yeast. If the proportion of yeast is too small, it is decomposed before the 
entire conversion of the sugar, a portion of which remains unchanged in the 
liquid. If, on the other hand, the yeast is in too large a quantity, the sugar 
is entirely decomposed, and the residuary ferment afterwards undergoes the 
usual spontaneous changes. If more sugar be added, this will be converted 
into alcohol and carbonic acid until the ferment is exhausted. If in any case 
the sugar is in too large a proportion, the process is less active : and in a 
saturated solution of sugar, fermentation is altogether arrested. It was for- 
merly believed that the ferment itself was not decomposed, but experiment 
has shown that there is invariably a consumption of it, although this is 
small in proportion to the sugar which is decomposed by it. 

The properties of the products thus obtained from sugar may be easily 
demonstrated. If a lighted paper is introduced into the globular vessel 
when fermentation is complete, it will be extinguished : if a portion of the 
gaseous contents of the vessel is poured into a jar containing lime-water, 
and the vessel agitated, the liquid will become white from the production of 
carbonate of lime. If the gas is poured from the globe into another jar con- 
taining a solution of chloride of lime colored blue by litmus, the color will 
be destroyed on agitation, thus showing the presence of a gaseous acid. If 
during fermentation the aperture of the vessel is made air-tight, and con- 
nected by a bent glass tube with a jar full of water, and inverted over a 
water-bath, the carbonic acid may be collected as it issues in bubbles. The 
quantity which escapes is very large : it amounts to nearly half the weight 
of the sugar, 180 parts of fruit-sugar are converted into 92 parts of alcohol, 
and 88 of carbonic acid. Three drachms of fruit-sugar, when completely 
fermented, yield 187 cubic inches of this gas. One grain of fruit-sugar thus 
produces rather more than a cubic inch. In order to produce these quanti- 
ties of alcohol and carbonic acid, there are required of grape-sugar 198 
parts, and of cane-sugar I'll parts. 

When the sugar is derived from malted grains, the liquid product of fer- 
mentation is called heer ; when from the juice of the grape, it is called wine. 

Beer. — This liquid consists chiefly of water and alcohol, with sugar, dex- 
trine, coloring matter, essential oil, carbonic acid, and saline matters. Hops 
impart to it, as a result of the volatile oil and other principles contained in 
them, an aromatic bitter flavor, and an agreeable odor. They also diminish 
the tendency to subsequent fermentation. The color of beer depends on the 
temperature to which the malt has been exposed. Pale malt, ^. e, malt which 
has not been exposed to a temperature above 140°, is in the best condition 
for the production of beer ; but more color and flavor are imparted by malt 
which has been dried at a higher temperature. To a good beer brewed from 
pale malt, any depth of tint may be imparted by a careful use of roasted 
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malt. Caramel or burnt sugar is sometimes employed as a coloring sub- 
stance. The average amount of absolute alcohol, by measure, in the varie- 
ties of ale, is from 6 to 9 per cent. ; less than six in common ale ; in porter 
about 5 per cent. ; and in small beer 1 to 2 per cent. Some of the stronger 
ales contain as much as 9 per cent. The method of determining the pro- 
portion will be described hereafter (see p. 536). 

Wine. — The grape-sugar, or glucose, contained in the ripe grape, the 
juice of which is called miistj is the source of the alcohol of wine. Besides 
water and alcohol, the fermented juice contains sugar, gum, coloring matter, 
malic and tannic acids, the bitartrate of potassa, tartrate of lime, and other 
saltS; as well as volatile oil and cenanthic ether. Red wines contain much red 
coloring matter, which is derived chiefly from the red husks of the grapes. 
The husks also impart tannic acid, which gives astringency to port and 
similar red wines. The pale yellow or brown color of white wines arises 
from the fermentation of the juice only, or from fermentation over nearly 
colorless husks. The deep brown color of some wines (Tent wine) is more 
Qommonly produced artificially by the addition of caramelized grape-sugar. 
The dark-colored varieties of sherry frequently owe their tint to burnt sugar, 
or caramel. 

All wines have an acid reaction, arising from the presence of the acid tar- 
trate of potassa or lime, as well as of acetic acid, derived from a partial 
oxidation of the alcohol after the vinous fermentation is completed. In 
sparkling wines the acidity is partly due to carbonic acid. Malic acid is 
frequently present ; and sulphuric acid, derived from the sulphuring of the 
juice to arrest fermentation, is also a cause of acidity. This may be found 
in comparatively large proportion in most sherry wines. 

The amount of acid in wines may be determined volumetrically by the use 
of a standard diluted solution of ammonia, and a graduated burette. Some 
portion of the acid is volatile, and may be separated by distillation. 

In all wines there is more or less of an odorous principle, partly derived 
directly from the grape, and partly formed during fermentation ; it has the 
characters of an essential oil ; it constitutes the perfume or bouquet of the 
wine, and in some wines is evanescent and small in quantity, in others more 
persistent and abundant. It does not exceed the forty-thousandth part of 
the wine. This odorous substance, which is formed in the process of fer- 
mentation, is represented by Pelouze and Liebig {Ann. Oh. et Ph.^ liii. 115, 
and Ixii. 439) as a true ether, that is, as a combination of oxide of ethyle 
with oenanthic acid. The formula C^^H^gOa is represented as that of oenanthic 
acid, which-f C4H5O gives C^^^fi^ as the composition of cenanthic ether, 
Deleschamps first separated this ether from the wines of Burgundy, and it 
was afterwards recognized, together with amylic alcohol (potato-spirit oil), 
in the products of the distillation of the grapestalks of Montpellier. 

(Enanthie ether (from olvo^ywine), which is considered to be identical with 
pelargonic ether, may be obtained by agitating the oil derived from brandy 
or from grain-spirit (Weinfuselol), which is a mixture of cenanthic acid and 
oenanthic ether, with a solution of carbonate of soda, till the free acid is neu- 
tralized ; heat is then applied, and the cenanthic ether separates upon the 
surface, and may be dehydrated by chloride of calcium. 

According to some, this ether exists ready formed in unfermented grape- 
juice. It is a colorless oily liquid, of a strong vinous odor, sp. gr. 0.862, 
boiling at 440^, soluble in alcohol and ether, but insoluble in water. A 
small quantity, however, passes over with the vapor of water during distil- 
lation. It has a strong taste and odor, as well as intoxicating properties. 
It imparts a powerful aroma, which is very persistent in any bottle or vessel 
that has contained wine : the odor is soon perceived over a very large apart- 
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merit. Butyric, caprylic, acetic, and other ethers, are sometimes associated 
in wine with the cenanthic. The bouquet or perfume of wine is much affected 
by age. In some wines there is a fixed non-nitrogenous principle which 
has been called cenanthin. 

During fermentation the bitartrate of potassa becomes less soluble, by 
reason of the production of alcohol ; and the acidity of the wine, if de- 
pendent on the presence of this salt, diminishes, while its strength increases. 
This is deposited in the cask or bottle, either colored or colorless, according 
to the nature of the wine. It is well known under the name of crude tartar, 
or argol. Some wines which contain much sugar are observed, after a cer- 
tain period, to become viscid or ropy. This has been called the viscous fer- 
mentation. It appears to arise from a spontaneous conversion of grape-sugar 
into an isomeric mucilaginous or gummy compound. Mannite is said to be 
a product, and hydrogen is evolved under these circumstances. "Wines which 
contain much tannic acid are not liable to this change ; and this acid, when 
added to wine thus affected, precipitates the mucilaginous compound. We 
have observed this change to take place in ale, arising probably from an 
excess of sugar and a deficiency of tannic acid in the hops. 

Wines which are bottled before alcoholic fermentation is completed undergo 
this process still further ; the carbonic acid accumulates in the liquid, and 
gives to the wine a sparkling character. An albuminous compound in the 
husk of the grape serves as a natural ferment to the juice. If the fruit-sugar 
is in excess, the wine will remain sweet after fermentation (Liqueur vdnes). 
If the ferment is in excess, the whole of the sugar will be decomposed and 
the wine will be slightly acid (Rhenish wines). If the sugar and ferment 
are equal, the wine is neither acid nor sweet (Burgundy.) {Mulder on Wine, 
139.) When the sugar and ferment are thus equally balanced, the sugar 
almost entirely disappears, and a cZr^/wine is the result. If, during fermenta- 
tion, the alcohol reaches about 20 per cent, of the wine, the process is ar- 
rested, and any undecomposed sugar remains. In some of the Bhenish wines 
Fischern found the sugar so completely removed that, while it amounted to 
21 'Y per cent, of the grape-juice, it constituted only O'l per cent, of the wine 
(Liebfrauenmilch), the alcohol amounting to 9*9 per cent, and the dry extract 
to 4-1. 

The quantity of alcohol contained in different wines is variable : the best 
mode of determining it consists in carefully distilling four ounces of the wane, 
until from one-half to three-fourths have passed over, having previously neu- 
tralized the acid of the wine by a little soda, potassa, or lime. A quantity 
of distilled water is then added to the portion of the alcoholic liquid which 
has gone over, so as accurately to make up the original volume of the wine : 
the mixture is well shaken and set aside for a day or two in a stoppered 
bottle, so that it may obtain its maximum density. Its specific gravity may 
then be taken in the usual way at 60°, and from this datum the proportion 
of alcohol may be determined by reference to tables which show the quantity 
of absolute alcohol contained in diluted alcohol of different densities {see p. 
542). There is, of course, no direct relation between the original density of 
the wine and its alcoholic contents, inasmuch as some of the most alcoholic 
wines are also those which have the highest specific gravity, in consequence 
of the sugar, extract, and other substances which they hold in solution. 
Thus we have found some very strong wines to have a greater sp. gr. than 
water, the solid contents of the wine being in larger proportion. 

Another method consists in gently distilling the wine until one-half is 
obtained in the receiver. The sp. gr. of the distillate may be at once taken 
without admixture with water. In this case, as there is only half of the ori- 
ginal quantity, the distilled spirit will have twice the strength : hence the 
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proportion of alcohol is determined by dividing the quantity per cent, by 2. 
Thus, four ounces of sherry yield two ounces of spirit, which, when mixed 
with two ounces of water, will have a sp. gr. of 0*9753 = IT per cent, of 
alcohol. The distilled spirit, before the addition of its bulk of water, has a 
sp. gr. of 0-9511=34 per cent, of alcohol, and 34-7-2=17 per. cent, of alco- 
hol contained in the wine. These methods of determining the alcoholic 
strength of wines are applicable to ale, beer, and other weak alcoholic 
liquids. 

Independently of the proportion of alcohol, the analysis of wine is directed 
to the amount of dry extract, the quantity of mineral matter, and the nature 
of the inorp:anic salts. The presence of tannic acid, grape-sugar, and other 
inorganic ingredients, may be determined by their appropriate tests. The 
following represents a recent analysis of a sample of dry sherry. The sp. gr. 
of the entire wine was 0*994. The alcohol, obtained by distillation from a 
measured quantity, when made up to its original bulk with distilled water, 
had a sp. gr. of 0*978 at 60^. According to the tables, this is equivalent 
to 15 per cent, by weight of absolute alcohol. The dry extract obtained by 
the evaporation of the wine amounted to 3*75 per cent, of its weight. This 
consisted chiefly of grape-sugar, coloring matter, acid tartrate of potassa, 
and tartrate of lime. The dry extract, when incinerated, left a white ash, 
which weighed 0*45 grains. The ash was slightly alkaline : it contained 
potassa, soda, lime, and a trace of alumina, with carbonic and sulphuric 
acids. In the entire wine, besides grape-sugar and coloring matter, tartaric, 
tannic, and sulphuric acids were found — the latter in comparatively large 
proportion, owing to the use of burning sulphur, for checking undue fer- 
mentation in the wine-manufacture. The constitution of this wine would 
therefore be, in 100 parts, as follows : — 

Sp. gr. in tlie entire state . . . * .0-994 



Alcoliol » .15-00 

Dry saccharine extract . . . . .3-30 

Mineral ash 0-45 

Water, oil, ether and volatile prodncts . . 81-25 



100-00 



The comparison of weight with measure may be thus made. The sp. gr. 
represents in grains the weight of eighteen fluid drachms of the wine at 68°, 
namely, 994 grains, the same volume of water weighing nearly 1000 grains 
at this temperature. 

The mixture of the distillate with the residue in the retort, however 
carefully the distillation may have been conducted, will not reproduce the 
wine with its original odor and flavor. This is owing to the loss or de- 
composition of the volatile oily matters and oenanthic ether during dis- 
tillation. 

The quality of wine, although for financial purposes estimated by its alco- 
holic strength, does not depend on the amount of alcohol, or of dry residue 
in one hundred parts, although the finest wines contain, generally speaking, 
a large proportion of solid matter. It depends chiefly upon the peculiar 
flavor imparted by the grape during fermentation, and the effects of age in 
improving and heightening this flavor. The amount of alcohol will depend 
on the quantity of fruit-sugar in the grape-juice, on the addition of starch- 
sugar, or glucose, to the must during fermentation, or of brandy after that 
process. The solid contents are generally small, except in sweet wines. 
Dr. Christison states, from his observation, that in Port and Sherry, when 
fit for drinking, the solid seldom exceeds three per cent., in Bordeaux wine 
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they amount to about two aud a half, and in Hock and Moselle to two per 
cent. only. 

The results of analysis will be affected by the age of the wine, the degree 
to which fermentation has taken place, and other circumstances. The fol- 
lowing table represents, chiefly as the result of recent analyses, the consti- 
tution of many wines which are now consumed in this country. The alcoholic 
strength is given by weight in absolute alcohol (sp. gr. '1d4: at 60°). At 
this temperature and specific gravity, 49 parts of alcohol by weight are 
equivalent to 100 parts of proof spirit, by weight (sp. gr. -920), or to 102-57 
parts by measure. The alcoholic strength of vinous liquids is sometimes 
calculated in alcohol of a sp. gr. of '825. At this sp. gr., however, alcohol 
is combined with 11 per cent, of water. 

TABLE OP ANALYSIS OF WINES. 

■nj Spec. Alcoliol in Dry extract in Ash. in 100 

^^^^^' gray. 100 by weight. 100 by weight. by weight. 

Port, 1820 (Muspratt) . . 0-9945 ... 18-01 ... 5-14 ... 

Port, 1844 0-9977 ... 17-00 ... 6-20 ... 0*30 

Sherry 0-9060 ... 17-30 ... 5-70 ... 0*70 

Sherry (dry) 0-9940 ... 15-00 ... 3-75 ... 0-45 

Tarragona 1-0154 ... 16-00 ... 10-80 ... 0-50 

Gelopiga 1*0547 ... 15-00 ... 20-70 ... 0-20 

Bucellas 0-9934 ... 16-00 ... 3-30 ... 0-40 

St. Estephe 0-9930 ... 10-00 ... 2-00 ... 0-30 

" 0-9933 ... 10-00 ... 2-47 ... 0-23 

HautBrion 0-9940 ... 9-00 ... 2-30 ... 0-25 

St. Emilion 0-9960 ... 9-00 ... 2-44 ... 0-32 

Beaujolais 6-9930 ... 10-00 ... 2-00 ... 0-20 

Sauterne 0-9955 ... 750 ... 1-32 ... 0-10 

Chablis 0-9912 ... 9-00 ... 1-60 ... 0-10 

Roussillon 1-0076 ... 13-00 ... 7-10 ... 0-40 

Steinberg ) .^ . ... 1-0025 ... 10-87 ... 9-94 ... 

RMesheimy^^^^S®^-' . .1-0025 ... 12-65 ... 5-39 ... 

Tokay (Richter) .... 1-0201 ... 12-10 ... 10-60 ... 

Malaga (Mayer) .... 1-0570 ... 12-24 ... 18-40 ... 

Tent wine 1-1150 ... 7-0O ... 32-60 ... 0-40 

Champagne ..... 1-0290 ... 11-70 ... 0-30 ... traces 

In comparing the bulk of the wine with the weight, it may be observed 
that the sp. gr. represents the weight in grains and tenths of grains, of 18 
fluid drachms, or 65 cubic centimetres. Thus, this quantity of port wine 
(1820) weighed 994*5 grains, the same volume of water weighing 1000 
grains. In calculating the percentage of alcohol as proof spirit at 918, the 
amount in absolute alcohol should be doubled. Thus, 18 "01 absolute alcohol 
in port wine (1820) are equivalent to 36-75 of proof spirit per cent. 

Spirituous Liquids. — Brandy, rum, gin, and whisky are spirituous liquids 
which contain about half their weight of alcohol, and are, therefore, nearly 
in the condition of proof-spirit. 

They are obtained by distilling fermented liquors. They chiefly consist of 
alcohol and water, with a very small proportion of solid matter : they owe 
their peculiar odors and flavors to the presence of certain oily and ethereal 
products of fermentation. When genuine, they are neutral, and leave only 
a slight residue on evaporation. Brands/ is the result of the distillation of 
wine ; and its qualities vary with the kind of wine from which it is obtained, 
and the precautions with which it is distilled. It is frequently strongly 
colored with caramel. — Eum is distilled in the East and West Indies from a 
fermented mixture of molasses and water, with the skimmings of the sugar 
boilers, and the lees or spirit- wash of former distillations. — Gin, or Geneva, 
is prepared from different kinds of corn-spirit : it was originally largely im- 
ported from Holland, and was known as Hollands or Hollands' gin. Its 
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flavor is derived from juniper-berries, or from the essential oil of juniper, 
which contributes to its diuretic quality. Calamus aromaticus, or sweet flag, 
and other flavoring articles, are occasionally used in its manufacture. The 
great gin-distillers sell it to the trade at about 20 per cent, over proof, but 
the retailers afterwards dilute and generally sweeten it. Various chemical 
substances are employed in its adulteration. — Whisky (a term said to be de- 
rived from the Irish usquebaugh) is also a corn-spirit, and, when genuine, 
derives its characteristic flavor from the malt used in its manufacture having 
been dried over peat or turf-fires ; but this odor and flavor of burned turf, 
or peat-reek, is frequently given to raw corn-spirit by impregnating it with 
peat-smoke. — Arrack, or Rach, is a spirituous liquor prepared in various 
parts of India from the fermented juice of the cocoa-nut, and also from fer- 
mented infusion of rice. It has a peculiar flavor and odor, but in other respects, 
closely approaches in its characters to rum. It is said that a genuine arrack 
may be very well imitated by dissolving 10 grains of benzoic acid in a pint 
of rum. 

There are many other alcoholic liquors, the preparation of which is pecu- 
liar to different places. — Kirschwasser is obtained in Switzerland, and in 
some parts of France, from bruised black cherries, fermented and distilled. 
^^Maraschino is a similar liqueur, prepared also from a peculiar kind of 
cherry growing in Dalmatia. — Noyau and several analogous liqueurs are 
flavored with an essential oil containing more or less hydrocyanic acid, and 
often with that derived from bitter almonds, the kernels of peaches, apricots, 
&c., or from the leaves of laurels. Some of these compounds come under 
the denomination of tinctures ; such, for instance, as Guragoa., which is pre- 
pared by digesting orange-berries (the immature fruit) and bitter orange-peel 
v^ith cloves and cinnamon in brandy : when this tincture is distilled, and 
afterwards sweetened, it constitutes tohite Guragoa, These compounds are 
frequently called Ratafias, a term derived, like the word ratify, from ratum 
and fio, to make firm, or confirm. By ratafia, therefore, was originally 
meant a liquid drunk at the ratification of an agreement. 

In the analysis of these spirituous liquids the distillation for the separation 
of alcohol must be carried on at a low temperature until nearly the whole of 
the liquid has passed over. The following table represents the results of 
recent analyses, the alcohol being estimated by weight and volume as absolute. 

T^ „ Alcohol in Dry extract in Ash in 100 

iName. bp.giav. loo by weight. 100 by weight, by weight. 

Whisky 0-9208 ... 50-00 ... 0-10 ... trace 

Gin 0-9440 ... 45-00 ... 0-20 ... 0-10 

Brandy, Cognac . . . 0-9300 ... 46-00 "... 1-40 ... 0-20 

" common . . . 0-9483 ... 36-00 ... 0-60 ... 0-05 

Rum 0-9260 ... 48-00 ... 0-90 ... 0-10 



CHAPTER XLVII. 

ALCOHOL. ALDEHYDE. CHLOROFORM. METHYLIC, 
AMYLIC, AND OTHER ALCOHOLS. 

Alcohol. Ethylio Alcohol (C^HqOJ. 

The word alcohol signifies in Arabic a liquid or solid brought to its ut- 
most perfection. By the careful distillation of any of the spirituous or fer- 
mented liquids described in the preceding chapter, the alcoholic portion may 
be separated from the less volatile matters, and the product is known in com- 
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merce as Rectified Spirit of Wine. Its sp. gr. is usually about 0'840 to 
0*850, and it consists of alcohol combined with about from IT to 20 per cent. 
of water: it generally contains traces of oily matters, and of some other 
impurities. The distillers commonly prepare a liquor called wash^ for the 
express purpose of producing from it, rectified spirits. Instead of using 
pure malt, they employ chiefly raw grain, mixed with a small quantity only 
of malted grain. The water employed in the mash-tub is generally at a 
lower temperature than that adopted in brewing beer, and the mashing is 
longer continued. The wort is afterwards fermented with yeast, and then 
distilled for the production of proof-spirit and alcohol. In this state the 
product is called malt-spirit. Its specific gravity is from '914 to '936, and 
it contains about half its weight of alcohol. The oily products which are 
combined with the spirit and render it impure, are mostly less volatile than 
alcohol, so that when the process of rectification is carefully performed, they 
remain with the residuary water in the still or retort. Many precautions are 
requisite, both in conducting the distillation, and in the management and 
construction of the stills, so as to produce what is technically known as dean 
spirit. Rectified spirit thus obtained, varies in sp. gr. from 'SSS to '884, 
and contains from 86 to 65 per cent, of alcohol. 

To obtain pure or absolute alcohol, rectified spirit is usually dehydrated, 
by distilling it with certain substances which have a strong affinity for water. 
Although the boiling points of alcohol and water greatly differ, it is impossible 
to separate the water from aqueous alcohol by distillation at a low tempera- 
ture. The vapors of both pass over and are condensed together so soon as 
the liquid reaches a sp. gr. of 0*825. Among the substances used for dehy- 
dration, are carbonate of potassa, chloride of calcium, quicklime, and anhy- 
drous sulphate of copper. 

When common spirit of wine is employed, the first portions of water may 
be abstracted by adding to it dry carbonate of potassa until that salt ceases 
to be dissolved ; the mixture is then frequently shaken, and when allowed 
to stand at rest, it soon separates into two portions, the uppermost being 
alcohol (of sp. gr. 0*825) and the lowe|most an aqueous solution of the car- 
bonate. The former is drawn off and poured upon a quantity of powdered 
quicklime, amounting to about half the weight of the alcohol, and previously 
introduced into a tubulated retort. This mixture may be left to digest for 
a day or two, and then slowly distilled in a water-bath, at a temperature of 
about 200^. Fresh burnt lime alone may be used without the previous 
employment of carbonate of potassa, the water being then absorbed and 
retained by the lime as hydrate. In place of lime an equal weight of fused 
chloride of calcium may be employed. Any color or odor possessed by the 
rectified spirit may be removed by the use of finely powdered animal charcoal. 

Properties of Alcohol. — Alcohol is a limpid colorless liquid of an agreeable 
odor, and a strong pungent taste. It is quite neutral, and is not liable to 
undergo any change by keeping. The specific gravity of absolute alcohol is 
0'794 at 60°. When spirit of wine is as far as possible dehydrated by sim- 
ple distillation, its specific gravity is 0*825 at 60° ( = 89 per cent, of alco- 
hol). The rectified spirit of the Pharmacopoeia is directed to have a sp. gr. 
0*838. The quantity of absolute alcohol contained in these and other com- 
mercial forms of alcohol and spirit of wine, will be seen by reference to the 
table given at p. 542. According to Despretz, the specific heat of alcohol 
is 0*52. Alcohol has never been frozen. Faraday exposed it to a tempera- 
ture of 166° below 0°; it thickened considerably, but did not congeal (Phil 
Trans., 1845, p. 158). According to Mitchell, alcohol of 0*198 becomes 
oily at —130°, and at — 146° flows like a melted wax; and alcohol of sp. 
gr. 0*820 entirely congeals in a bath of solid carbonic acid and ether 
(—166°). The boiling-point of alcohol of sp. gr. 0*7947 is 173° (Barom. 
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29*5). When of the sp. gr. 0*825 it boils at a temperature of I'TG^ under 
the same pressure. In the vacuum of an air-pump, alcohol boils at common 
temperatures. The specific gravity of the va'por of alcohol (in reference to 
air = 1*000) was experimentally found by Gay-Lussac to be 1-6133 : this 
nearly corresponds to its calculated specific gravity {see page 659). The 
latent heat of the vapor of alcohol is to that of the vapor of water as 332 to 
531 (Despretz). 

Absolute alcohol has so strong an affinity for water as to absorb it from 
the atmosphere ; it requires, therefore, to be kept in well-stopped bottles, 
as, after exposure, it undergoes a sensible increase of specific gravity ; it is 
even apt to absorb a small quantity of water during its distillation. Alcohol 
does not appear to form any definite hydrate: for even the water, which 
passes over with it by distillation at a sp. gr. of 0*825, may be entirely sepa- 
rated by lime, carbonate of potassa, or any substance which combines with 
or dissolves in water. It may be mixed, in all proportions, with water, and 
while heat is evplved, a diminution of bulk (or increase of specific gravity) 
ensues. When alcohol and snow are mixed, there is, on the other hand, a 
diminution of temperature, as a result of the sudden liquefaction of the snow. 
The contraction in volume which ensues on mixing alcohol with water has been 
already described (p. 46) : it is always attended with an increase of tempe- 
rature. Thus equal measures of alcohol (sp. gr. 0*825) and water, each at 
50°, afford, when suddenly mixed, a temperature of 10°; and equal measures 
of proof spirit and water, each at 50°, give, under similar circumstances, a 
mixture of the temperature of 60°. The greatest amount of heat and con- 
densation is produced by the admixture of 1 equivalent (53*'74 parts) of alco- 
hol and 6 equivalents (49*84) of water. The mixture is reduced on cooling 
to 100 parts, and has a sp. gr. of 0*927. 

Proof Spirit. — This is a weaker form of alcohol than rectified spirit. It 
is employed in reference to Excise regulations, and in pharmacy (Spiritus 
tenuior). In the latter, the sp. gr. is fixed at 0-920. * It consists by weight 
at 60° of 49 parts of alcohol and 51 parts of water. The sp. gr. of Excise 
proof-spirit at 60° is 0*916. This corresponds nearly to equal parts by 
weight of alcohol and water. Such a mixture, according to Gilpin's tables, 
should have a sp. gr. of 9 IT. The term proof appears to be derived 
from the gunpowder-test. Spirit was poured over gunpowder and the 
vapor inflamed; if it fired the gunpowder it was over-proof; if it burnt 
without igniting the powder, owing to the residuary water rendering the 
powder damp, it was said to be under-proof. The weakest spirit -capable 
of firing gunpowder was the proof-spirit of pharmacy, sp. gr. 0*920. Drink- 
water gives the following table, showing the results of his experiments upon 
the composition o^ proof spirit. 



Alcohol and water. 


Specific gravity 
at 60^ F. 


Bulk of mixture of 100 


By weight. 


By measure. 


4-81-82 water. 


Alcohol. Water. 

100 -f 103-09 
or in 100 
49-24 + 50-76 


Alcohol. Water. 

100 + 81-82 
or in 100 
54 + 46 


-91984 


175-25 



The strength of such spirituous liquids as consist of water and alcohol, 
is ascertained by their specific gravity, and for fiscal purposes it is deter- 
mined by the hydrometer ; but the only correct mode of ascertaining the 
specific gravity of liquids, is by weighing them in a delicate balance, against 
an equal volume of pure water of the same temperature. For this purpose 
a thousand-grain bottle may be employed. Small hydrometers are con- 
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structed to indicate, by flotation, proof-spirit, and a certain number of 
degrees above and below proof. 

Alcohol is extremely inflammable, and burns with a pale bluish flame, 
scarcely visible in bright daylight ; but the heat of its flame is very intense, 
as may be shown by suspending in it a coil of fine platinum wire, which 
soon becomes white-hot. It produces no smoky deposit upon cdd substances 
held over it. The products of the combustion of alcohol are carbonic acid 
and water, the weight of the water considerably exceeding that of the alco- 
hol consumed. According to Saussure, jun., 100 parts of alcohol afford, 
when burned, 136 parts of water, the production of which may be shown 
by holding a glass-jar over the flame until it is extinguished. Water is 
deposited on the sides of the jar, and carbonic acid is collected within it, 
a fact which may be proved by the addition of lijme-water. The flame of 
alcohol may also be burned under a condensing-apparatus, the exit-tube at 
its extremity being turned down into a glass jar. It will then be found 
that a current of carbonic acid passes out of it: this may be rendered evi- 
dent by lime-water, and the extinction of a taper. When alcohol is burned 
at a lower temperature than that required for its inflammation, as by the 
action of spongy or finely divided, platinum, or by a hot platinum wire, as 
described at p. 54, the products of its combustion are different ; the pro- 
portion of carbonic acid is less, and aldehydic and acetic compounds are 
formed. 

The following table by Fownes represents the specific gravities of mix- 
tures of alcohol and water. The proportion of absolute alcohol is given by 
weight. 



Sp. gr. 


Percentage 


Sp. gr. 


Percentage 


Sp. gr. 


Percentage 


at 60°. 


of alcohol. 


at 60°. 


of alcohol. 


at 60°. 


of alcohol. 


.9991 . 


0-5 


•9511 


34 


•8769 


68 


•9981 


1 


•9490 


35 


•8745 


69 


•9965 


2 


•9470 


36 


•8721 


70 


•9947 


3 


•9452 


37 


•8696 


71 


•9930 


4 


•9434 


38 


•8672 


72 


•9914 


5 


•9416 


39 


•8649 


73 


•9898 


6 


•9396 


40 


•8625 


74 


•9884 


7 


•9376 


41 


•8603 


75 


•9869 


8 


•9356 


42 


•8581 


76 


•9855 


9 


•9335 


43 


•8557 


77 


•9841 


... 10 


•9314 


44 


•8533 


78 


•9828 


... 11 


•9292 


45 


•8508 


79 


•9815 


... 12 


•9270 


46 


•8483 


80 


•9802 


... 13 


•9249 


47 


•8459 


81 


•9789 


... 14 


•9228 


48 


•8434 


82 


•9778 


... 15 


•9206 


49 


•8408 


83 


•9766 


... 16 


•9184 


50 


•8382 


84 


•9753 


... 17 


•9160 


51 


•8357 


85 


•9741 


... 18 


•9135 


52 


•8331 


86 


•9728 


... 19 


•9113 


53 


•8305 


87 


•9716 


.... 20 


•9090 


54 


•8279 


88 


•9704 


... 21 


•9069 


55 


•8254 


89 


•9691 


... 22 


•9047 


56 


•8228 


90 


•9678 


... 23 


•9025 


57 


•8199 


91 


•9665 


... 24 


•9001 


58 


•8172 


92 


•9652 


... 25 


•8979 


59 


•8145 


93 


•9638 


... 26 


•8956 


60 


•8118 


94 


•9623 


... 27 


•8932 


61 


•8089 


95 


•9609 


.. 28 


•8908 


62 


•8061 


96 


•9593 


.. 29 


•8886 


63 


•8031 


97 


•9578 


.. 30 


•8863 


64 


•8001 


98 


•9560 


.. 31 


•8840 


65 


•7969 


99 


"9544 


•• 32 


•8816 


U 


•7938 


... 100 


•9528 


•• 33 


•8793 


' 67 
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Bleached bees-wax is sometimes employed as a test for the strength of 
spirits. It has a sp. gr. of "960, and in spirit of this sp. gr., representing 
29 per cent, of absolute alcohol, this substance indifferently floats or sinks. 
If the sp. gr. is lower, and the alcohol is therefore in greater proportion, it 
sinks : if, on the contrary, it is higher, and the water is in larger quantity, the 
wax floats. If a tube is half filled with water, and half with alcohol, the 
wax will sink through the latter, and float on the former, indicating its 
level. The slow diffusion of these liquids under such circumstances, will 
be proved by the wax maintaining its level for many weeks or months, pro- 
vided the contents of the tube are not disturbed. 

Graham has shown that alcohol may, in some instances, be combined with 
certain saline bodies, such as chloride of calcium, nitrate of magnesia, nitrate 
of lime, chloride of zinc, and chloride of manganese. Tlie alcohol appears 
to be substituted for water of crystallization. Si^ch combinations have been 
called alcohates. They are obtained by dissolving the substances by heat in 
absolute alcohol, and the compounds, more or less regularly crystallized, are 
deposited as the solution cools. They appear to be definite compounds, and 
in some of them, the alcohol is retained by an attraction so powerful, that it 
is not evolved at a temperature of 400^ or 500^. 

Alcohol dissolves nearly all the acids, mineral and organic, giving rise to 
an important and varied class of compounds. When a little sulphuric acid 
is mixed with alcohol, the mixture has no action upon any neutral carbonate, 
and yet it decomposes acetate of potassa, evolving acetic acid. A mixture 
of alcohol and hydrochloric acid does not act upon carbonate of potassa, but 
it decomposes the carbonates of soda, lime, strontia, and magnesia. A 
mixture of alcohol and nitric acid is without action upon carbonate of 
potassa, but it acts powerfully on the carbonates of lime and strontia, and 
slowly on the carbonates of soda, baryta, and magnesia. Alcoholic solutions 
of acetic and tartaric acid, decompose none of the carbonates: a similar 
solution of citric acid decomposes the carbonates of potassa and magnesia, 
but not the carbonate of baryta, strontia, or lime ; while an alcoholic 
solution of oxalic acid decomposes carbonates of strontia, lime, and mag- 
nesia, but not carbonate of potassa. The addition of a small quantity of 
water does not affect these mixtures, for when a saturated solution of 
carbonate of potassa is mixed with an alcoholic solution of acetic acid, the 
carbonate is precipitated without effervescence (p. 50) ; an alcoholic solution, 
therefore, may appear neutral to certain tests, whilst, in reality, it is strongly 
acid. 

Alcohol dissolves a small quantity of sulphur, especially at its boiling 
temperature, but the greater portion is deposited, on cooling, in small 
brilliant crystals. It also dissolves phosphorus, taking up -about a 240th 
part at its boiling-point, and retaining a 820th part when cold. This 
solution is luminous in the dark on exposure to air, and produces a beautiful 
pale bluish flame, when poured upon hot water. Alcohol dissolves sulphide 
of carbon, and the solution is decomposed by the alkalies. 

Alcohol is an important agent in organic analysis : it dissolves benzole, 
chloroform, ether, the resins, and a large number of the alkaloids, the 
vegetable acids, camphor, and all the essential oils. It dissolves some of the 
fatty acids, but not readily the fixed oils, excepting castor oil. It dissolves 
grape and fruit-sugar, but does not readily dissolve cane-sugar, and has no 
solvent action on starch and gum. It deoxidizes slowly a solution of perman- 
ganate of potassa, but rapidly when the mixture is heated, or some hydro- 
chloric acid is added. It has no reducing action on the salts of silver or gold, 
or on precipitated oxide of copper when mixed with potassa. It readily 
reduces chromic acid to green oxide of chromium, when set free from a 
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cliromate by an acid (hydrochloric), and the mixture is heated. A solution 
of a chromate, rendered alkaline by potassa, is not reduced when heated 
with alcohol. As this alkaline solution is readily reduced by grape-sugar, 
the presence of grape-sugar in an alcoholic liquid may be determined by 
this, as well as by the copper-test (p. 528). 

Potassium decomposes rectified spirit, if much water is present, with the 
ordinary phenomena of combustion. With strong spirit there is no com- 
bustion ; and when sodium or potassium is placed on anhydrous alcohol, 
hydrogen is given off, and the metal disappears without combustion. A 
crystallizable compound is obtained from the liquid, which has been called 
sodium or potassium alcohol, or ethylate of soda or potassa. When 
potassium or sodium is heated with alcohol, carburetted hydrogen is evolved 
among the products. 

Potassa and soda are soluble in alcohol, hence this liquid is sometimes 
resorted to for the purification of these alkalies. After a time, however, 
they begin to act upon each other, and complicated changes ensue ; a car- 
bonate of the alkali is formed, and carbonaceous matter is evolved on the 
application of heat ; by their slow mutual action, acetic acid, a resin, and a 
species of brown extractive, appear to be formed. Ammonia and its 
carbonates are soluble at common temperatures in alcohol : it also absorbs 
in various proportions several other gases. Lithia, baryta, strontia, and 
lime, almost insoluble in alcohol, even in their hydrated states ; so also 
are the fixed alkaline carbonates : but their sulphides are dissolved. The 
greater number of the chlorides, iodides, and bromides, which are soluble in 
water, are soluble also in alcohol, and with many of them, the definite 
alcoholized compounds above mentioned are produced (p. 543) : but the 
sulphates are almost all insoluble ; hence the use often made in the analysis 
of mixtures of salts, of the separative power of alcohol. 

The uses of alcohol in the arts, and its applications to various economical 
purposes, are extremely numerous ; to the chemist it is a most valuable 
species of fuel. Alcohol coagulates albumen and corrugates fibrin. It 
removes water from organic matter, and is employed as an antiseptic. 

Gom'position. — When alcohol-vapor and oxygen are mixed in certain 
proportions, and the mixture is fired by an electric spark, a violent explosion 
ensues, and carbonic acid and water are the results : 2 volumes of alcohol- 
vapor, or 1 equivalent, require 6 volumes of oxygen, or 12 equivalents, for 
their perfect combustion ; and 4 volumes of carbonic acid and 6 volumes 
of aqueous vapor result, (C.HeO.-f 120=400,+ 6H0). 

The analysis of absolute alcohol by oxide of copper gives results in ac- 
cordance with these experiments. The following is the composition of this 
liquid :— - 

Carbon . 

Hydrogen 

Oxygen 



Atoms. 


Equiv. 


Per cent. 


Dumas. 


Vol 


. 4 .. 


. 24 .. 


. . 52-65 .. 


. 52-17 . 


.. 4 


. 6 .. 


6 .. 


. 12-90 .. 


. 13-31 . 


.. 6 


. 2 .. 


. 16 .. 


. 34-45 .. 


. 34-52 . 


.. 1 



Anhydrous alcohol 1 46 100-00 100-00 2 

For the calculated vapor-density of alcohol, see p. Sit. 

The equivalent 46, which is here assigned to alcohol, is generally adopted 
by chemical authorities. Some have proposed to double it, and others to 
quadruple it, upon hypothetical considerations ; but no sufficient reasons 
have been advanced for these changes. 

Tests. — The chief adulterating ingredient is w^ater, the amount of which 
may be determined by distilling the liquid and taking the sp. gr. of the dis- 
tillate. Alcohol is entirely volatile, and any residue will indicate the amount 
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of impurity. The odor and taste of the liquid will enable a chemist to de- 
termine whether any essential oil, resin, or methylated spirit, is mixed with 
it. Absolute alcohol should not give a blue color to the white anhydrous 
sulphate of copper, and should yield no precipitate of silicic acid when a 
current of fluosilicic acid gas is passed into it (see p. 28*7). In cases of sus- 
pected poisoning, the liquid should be distilled by a water-bath, and the pro- 
duct rectified with fresh lime or carbonate of potassa. The alcohol, if present, 
may be drawn off by a few fibres of asbestos and burnt. If in sufficient quan- 
tity it will be detected by its odor, and by its solvent power on camphor. 
If in very small quantity, the heated vapor should be conducted through a 
tube containing a few fibres of asbestos moistened with a mixture of bichro- 
mate of potassa and strong sulphuric acid. If only a trace of alcohol is pre- 
sent, green oxide of chromium will be precipitated on the asbestos. Ether 
and pyroxylic spirit produce a similar decomposition ; but these liquids are 
detected by their peculiar odors. 

Other alcohols are enumerated: the Propylic (CeHyO^HO); the Butylic 
(C^HgCHO) ; the Caproic f C,,H,,OJ, and the Caprylic (C,,H,30,). These 
are occasional products of the vinous fermentation, but are more abundantly 
produced in the fermentation of the mare or residue of the grape. Like 
amylic alcohol, these alcohols, which are colorless volatile liquids, do not 
readily combine with water, in which, among other properties, they differ 
remarkably from ordinary or ethylic alcohol. They form an homologous 
series of compounds: each contains two equivalents of oxygen; and the 
equivalents of hydrogen always exceed by two the equivalents of carbon. 

Aldehyde (C^H^Oo). 

This compound, which is also called Acetic Aldehyde, derives its name 
from the words alcohol dehydrogencUus, inasmuch as alcohol becomes alde- 
hyde by the loss of 2 atoms of hydrogen. Aldehyde is one of the products 
of the decomposition of alcohol or ether, in passing the respective vapors 
through a red-hot tube, or in burning mixtures of ether or alcoholic-vapor 
and oxygen, at a comparatively low temperature without flame. 
CAO^ + 02= C.H.O^ + 2H0 

Alcohol. Aldeliyde. 

It is best obtained in its pure state by the following process (Liebig, 
Ann, Gh. et Ph., lix. 289) : a mixture of 4 parts of alcohol (sp. gr. 0.844), 
6 of oil of vitriol, 4 of water, and 6 of pulverized binoxide of manganese, is 
introduced into a capacious retort, and distilled through a condenser into a 
large receiver cooled by ice. "When about 6 parts have passed over, or 
when the distillate has become acid, the process is stopped, and the product 
is put into a small retort with its own weight of chloride of calcium, and re- 
distilled ; this process is repeated, so as to yield about 3 parts of dehydrated 
aldehyde. The distillate, however, still contains acetal, ether, and alcohol ; 
to free it from these, it is mixed with about twice its volume of ether, and 
saturated with dry gaseous ammonia, when a crystalline compound of 
aldehyde and ammonia gradually separates, which is insoluble in ether, and 
which may be dried in the air. Two parts of this compound are then dis- 
solved in their weight of water, and the solution mixed with 3 parts of sul- 
phuric acid previously diluted with 4 of water, and distilled. Considerable 
effervescence ensues during the evolution of the aldehyde, which requires to 
be passed through a good condensing apparatus ; the distillate is finally de- 
hydrated by the careful addition of a little chloride of calcium, and distilled 
at a temperature of about 87°. 
35 
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Pure aldehyde is a volatile colorless liquid, of a peculiar ethereal, and at 
the same time suJBTocating odor: when its vapor is respired, it produces 
spasm of the glottis. Its sp. gr. is O'TD at 65^: its boiling point is 68^, 
and the density of its vapor 1-53. It mixes in all proportions with water, 
alcohol, and ether, and may be separated from its aqueous solution by means 
of chloride of calcium. It is neutral to test-paper, but acquires acidity on 
exposure to air, in consequence of the absorption of oxygen and the forma- 
tion of acetic acid, a change which is very rapid under the influence of pla- 
tinum-black (0^11403-1-03=0411303,110). Heated with dilute nitric acid, it 
is also acetified, and nitrous acid is formed. With another atom of oxygen, 
it forms aldehydic acid (O4H4O3). An aqueous solution of aldehyde heated 
with oxide, or a salt of silver, reduces the metal in the form of a brilliant 
film, and uldehydate of silver is found in solution (2AgO-[- 0411403= AgO,04 
11403-1- Ag). This result and the odor are the best tests of its presence. 
Aldehyde is found in the distillation of wines dissolved in alcohol. When 
its vapor is passed over a heated mixture of hydrate of potassa and quick- 
lime, acetate of potassa is formed, and hydrogen gas disengaged. The term 
aldehyde is now applied to analogous compounds obtained from the imper- 
fect combustion of other alcohols. They are named after the acids which 
they produce by the absorption of 2 atoms of oxygen ; hence the compound 
above described is sometimes called acetic aldehyde. 

Ohloral (C4OI3HO2) is a transparent, colorless, oily liquid, obtained by 
the reaction of dry chlorine on anhydrous alcohol and by subsequent distil- 
lation. Its sp. gr. is 1-5; its boiling-point 206^, and the density of its 
vapor is 5. It has an irritating odor, is soluble in water, and its solution is 
not affected by nitrate of silver. It is sometimes called chloric ether ^ a name 
which is also applied to hydrochloric ether, chloride of hydrocarbon (p. 254), 
and to a solution of chloroform in alcohol. 

Ohloroform (O3HOI3). 

Chloroform may be procured by distilling chloral with lime and water, or 
with solution of potassa. It is more readily obtained by distilling in a capa- 
cious retort,, a mixture of 1 part of alcohol with 24 parts of water and 6 
parts of dry chloride of lime. The temperature should not exceed 180°. 
The distillate consists of water and chloroform, and the process is arrested 
when about two parts have passed over. The chloroform is in the lowest 
stratum. It is separated from the water, shaken with sulphuric acid to purify 
it, and rectified by a second distillation. 

Ohloroform is a colorless, transparent, heavy, neutral liquid, having, when 
its vapor is diluted, a pleasant odor resembling that of apples. Its sp. gr., 
when pure, is 1-5 : it boils at 140°, and the density of its vapor is 4*2. It 
is not inflammable. When its vapor is respired, more or less diluted with 
air, it soon induces insensibility, in the same way as, but more rapidly and 
effectually than ether-vapor ; hence its use in the performance of painful 
operations, as originally suggested by Dr. Simpson, of Edinburgh. {Pharm, 
Joiirn. vii. 2tt and 313.) When a few drops of chloroform are placed upon 
the hand, it speedily evaporates, and produces a great degree of cold. When 
poured upon water, the greater part of the liquid sinks in globules, which 
are of a milk-white appearance if the chloroform is not perfectly free from 
alcohol. In addition to chloroform, the products of this reaction are formate 
of lime, chloride of calcium, and water. Ohloroform is so little soluble in 
water, that three drops added to nine ounces of distilled water, and well 
shaken, did not wholly disappear, although they imparted a strong odor to 
the liquid. With alcohol and ether it readily forms transparent solutions, 
which burn with a yellow smoky flame. Water added to the alcoholic solu- 
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tion causes a separation of the chloroform, which falls to the bottom of the 
vessel. 

Chloroform readily combines with oil of turpentine, and with sulphide of 
carbon. It easily dissolves camphor, and the solution burns with a yellow 
smoky flame, having a green edge or border. It speedily softens and dis- 
solves caoutchouc. It dissolves wax, cantharidine, amber, copal, and all the 
common resins. With red or black sealing-wax it makes a strong varnish. 
It has but a slight solvent action on sulphur and phosphorus. It dissolves 
iodine and bromine, forming deep red solutions. A few drops of chloroform 
shaken with an aqueous solution of iodine or bromine will remove either of 
these bodies, and the chloroform falls to the bottom of the vessel, acquiring 
a red color, the depth of which is proportioned to the quantity of either sub- 
stance present. Chloroform is usefully employed either alone or in combi- 
nation with ether, as a solvent for many alkaloids. 100 parts of chloroform 
dissolve of veratria, 58*49 parts: quina, 5t*41 : brucia, 56* 70: atropia, 51*19; 
narcotina, Sl'l'I : strychnia, 20*19: cinchonia, 4'81, and of morphia, 0*57. 

Chloroform floats on concentrated sulphuric acid, which is only darkened 
by it at a boiling temperature, when the chloroform is rapidly dissipated in 
vapor. It slowly decomposes nitric acid in the cold, but at a high tempera- 
ture deoxidation is rapid, and nitrous acid is abundantly evolved. It scarcely 
afPects a solution of iodic acid, which acquires, after a time, only a faint pink 
color. It has no bleaching properties: it does not decompose iodide of 
potassium, nor does it dissolve gold, either by itself or when boiled with 
concentrated nitric acid. When nitrate of silver is added to it, there is no 
precipitate, the chloroform merely acquiring that milky opacity which it has 
when dropped into distilled water. If pure, it evaporates from the hand 
without leaving any disagreeable odor. 

When the vapor of chloroform is passed over copper or iron, heated to 
redness, it is decomposed, a metallic chloride results, and carbon is deposited ; 
but, according to Liebig, no inflammable gas is evolved. Itjs not decom- 
posed by potassium ; some bubbles of hydrogen are sometimes set free, but 
it may be distilled over the metal without change. When passed through a 
glass tube heated to full redness, its vapor is resolved into chlorine and 
hydrochloric acid, but no carbon is deposited. On this is founded a process 
for its detection. 

Chloroform is represented by the formula CgllClg, and is considered to be 
a terchloride of the compound radical formyle (C^H). When the 3 atoms 
of chlorine are replaced by 3 of oxygen, formic acid is produced : hence the 
name chloroform. The liquid contains 89 per cent, of chlorine, but, unlike 
an..,ordinary chloride, it gives not the slightest indication of the presence of 
this element by the usual test. 

Methylic Alcohol (CJIfi^). 

This compound has been long known under the name of Wood-spirit, or 
Pyroxylie spirit. It derives its present name from ixiSv, wine, and v'kti, wood. 

When wood is subjected to destructive distillation there is formed, besides 
tar, acetic acid, and other products, a variable portion, but not amounting 
on an average to more than about 1 per cent., of an inflammable and volatile 
liquid. This may be separated, to a certain extent, from the water and 
acetic acid, by distillation and separation of the first products; these, redis- 
tilled and rectified over quicklime, afford the pyroxylie spirit, or methylic 
alcohol of commerce. If it contain ammonia, it should be neutralized, by 
sulphuric acid, previous to its last rectification. 

To obtain perfectly pure pyroxylie spirit, an excess of chloride of calcium 
is added, and the mixture is distilled in a water-bath so long as any volatile 
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matter goes over. A compound of wood-spirit with chloride of calcium re- 
mains in the retort, to which a quantity of water, equal to that of the original 
spirit, is added, and the distillation then continued. The product which is 
now obtained, and which is pure pyroxylic spirit diluted by a little water, 
may be dehydrated by a final distillation off quicklime, or anhydrous sulphate 
of copper. 

Pyroxylic spirit is the alcohol of the methylic series. It is a limpid liquid,, 
of a penetrating odor, partaking of that of alcohol and acetic ether, with 
an aromatic taint which has been compared to peppermint. Its taste is hot 
and pungent. Its sp. gr. at 60° is 0*t398. It is very inflammable, and 
burns with a pale flame resembling that of alcohol. It boils at about 150° ; 
if heated in a retort, even in a water-bath, the sudden escape of its vapor is 
troublesome : this may be prevented by the presence of a little mercury, 
which equalizes the. distribution of heat. The density of its vapor is 1'125 
(1-20 at 212°). When pure it is not altered by exposure to air or light, 
but when subjected to the slow action of platinum-black, it"yields, together 
with other products, formic acid ; not acetic acid, as is the case with alcohoL 
If pure it is quite neutral, and mixes in all proportions with water, alcohol, 
and ether, without becoming turbid ; it does not form a black precipitate 
with protonitrate of mercury. 

Chlorine acts less powerfully on pyroxylic spirit than on alcohol, and accord- 
ing to Dumas and Peligot, heat is required to accelerate their mutual action : 
it then gives rise to the production of two liquids of very different degrees 
of volatility ; that which is least volatile forms a crystallizable compound 
with ammonia. According to Kane, the action of chlorine on this spirit, 
under the influence of light, is violent and even attended by inflammation ; 
in the absence of light, the gas is quietly absorbed under the abundant pro- 
duction of hydrochloric acid, and a thick liquid is formed, composed of 
CgHgOoClg. Chloride of lime acts upon pyroxylic spirit as it does upon 
alcohol, and,.methylic chloroform is one of the products. Its solvent powers, 
in regard to salts closely resemble those of alcohol, and it has been stated 
that it may be substituted for alcohol in the preparation of fulminating 
silver, although the action is less violent, and the product smaller in quantity ; 
but according to Dumas and Peligot, the product is really oxalate^ and not 
fulminate of silver ; so also it converts nitrate into oxalate of mercury. Sul- 
phur and phosphorus are to a small extent soluble in it. It dissolves the 
resins, and may be used as an excellent substitute for alcohol in almost all 
varnishes ; indeed, its superior volatility renders it preferable ; but its offen- 
sive odor is objectionable. It is a powerful antiseptic, and has been found a 
most effectual preservative of animal matter. 

Pyroxylic spirit has the formula of CgH^Og, or as hydrated oxide of me- 
thyle of C.HgCHO, or MeO,HO. 

. Methylated Spirit — A mixture of 90 per cent, of alcohol and 10 per cent, 
of methylic alcohol, is much used in the arts and manufactures, as well as in 
medicine and chemistry, as a substitute for rectified spirit. 

Methyle Me(C3ll3) is a gaseous body of a sp. gr. of r036. It is pro- 
duced by decomposing iodide of methyl with zinc. It forms an oxide analo- 
gous to ether in composition. — Methylic ether, QJlfi. This oxide is a color- 
less gas of an ethereal odor, and has a sp. gr. of 1*59. It burns with a 
pale blue flame. In elementary composition it is isomeric with alcohol, for 
2 (CgllgO) are equal to C^HgO^. Methylic ether is procured by distilling 1 
part of wood-spirit with 4 parts of sulphuric acid. The gas may be collected 
over mercury, and the carbonic and sulphurous acids mixed with it, may be 
removed by potassa. Methyle forms a chloride, iodide, and bromide, as well 
as various other compounds, with the oxacids, analogous to those of ethyle. 
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Amylio Alcohol (C^oHiaOa.) 

Amylic Alcohol^ or Hydrated Oxide of Amyle (CioHji,0 + HO ; or AylO) 
has long beeu known under the name of oil of potato-spirit ; it is the fusel-oil 
of the Germans. It is now considered as the alcohol of the amylic series, 
the base of which is amyle (C^qH^J. It has hitherto been exclusively ob- 
tained as a product of fermentation, especially from potato-brandy. Balard 
{Erdmann and Ma^xhand^s Joiirn.^ xxxiv. 123) found it, accompanying 
cenanthic ether, in the volatile oil obtained from brandy ; it has also been 
detected in the spirit afforded by the fermentation of beet-root treacle. It 
is abundantly obtained from corn-spirit, in the process of its rectification 
upon the large scale (Medlock, Journ. GJiem. Soc, i. 368). 

When potato-brandy is distilled, and after the greater part of the alcohol 
has passed over, a milky liquid is obtained, which deposits the crude potato- 
oil. It is similarly obtained among the less volatile products of the distilla- 
tion of corn-spirit of all kinds. This crude oil is purified by washing it with 
water, then drying it by means of chloride of calcium, and redistilling it; 
the portion which passes over at about 268° or 27 0^, is pure amylic alcohol. 

It is a colorless liquid of a peculiar, nauseous, suffocating, and most per- 
sistent odor. It has an acrid taste ; it burns with a blue flame, but is not 
very easily inflammable ; its sp. gr. is 0*812 at 60^ ; it boils at 2Y0^ ; the 
density of its vapor is 3*14. At 4^ it forms a crystalline solid. It is 
sparingly soluble in water, but dissolves in all proportions in alcohol, ether, 
and in fixed and volatile oils. It dissolves iodine, sulphur, and phosphorus. 
When acted upon by oxidizing agents it yields Valeric acid. According to 
Cahours, it is resolved, under the influence of platinum-black, into Yaleric 
acid and water. Its formula is G^oR^fi^, or C.iJI^fi + B.0. 

Amyle (C^qH^^,) Ay has been isolated by Frankland {Journ. Ghem. Soc.^ 
iii. 30). He obtained it by the action of zinc-amalgam upon iodide of 
amyle, under pressure. Amyle is a colorless pellucid liquid of an ethereal 
odor and burning taste ; cooled down to 18^ it becomes thick and oily, but 
does not solidify : its sp. gr. at 52° is 0-7704 : the density of its vapor is 
4-9062 (=5 vols, carbon vapor, 4-1461 ; -f 11 vols, hydrogen, 0*7601). It 
boils at 310°. It does not ignite at ordinary temperatures, but on being 
heated its vapor burns with a white smoky flame. It is insoluble in water, 
but mixes in all proportions with alcohol and ether. It is not affected by 
fuming sulphuric acid, but is slowly oxidized by fuming nitric acid, or by a 
mixture of nitric and sulphuric acids, when it acquires the odor of Yaleri- 
anic acid. Amyle forms a hydride (C^Jl^JI). 

Like ethyle and methyle, amyle forms an oxide — amylic ether (C^oH^fi) ; 
and it combines with halogens, as well as with certain acids, to form com- 
pounds resembling the ethers of these radicals. 

Amylene (C^oHio).— When amylic alcohol is distilled with anhydrous 
phosphoric acid, this compound passes over as a colorless oily liquid. It is 
lighter than water; its boiling-point is about 102°. It is a hydrocarbon, 
isomeric with olefiant gas and etherine ; but the density of its vapor is 5*06, 
which is 5 times that of olefiant gas'; each volume of it therefore contains 
10 volumes of hydrogen in combination with 10 atoms of carbon. It has 
been used, but unsuccessfully, as a substitute for chloroform in ansesthetic 
surgery : it has caused death in several instances. 
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CHAPTER XLVIII. 

ETHER (C4H5O). OIL OF WINE. COMPOUND AND DOUBLE 

ETHERS. 

The term Ether is applied to a highly volatile liquid obtained by the 
action of sulphuric acid upon alcohol. This liquid is usually procured either 
by distilling a mixture of sulphuric acid and alcohol, or by allowing alcohol 
to drop gradually into the heated, and somewhat diluted acid. 

Production. — Sulphuric acid, water, and alcohol, at a certain temperature, 
are necessary for the production of ether. Concentrated sulphuric acid 
mixed with diluted alcohol, or diluted sulphuric acid mixed with absolute 
alcohol, will equally produce ether, provided certain proportions are observed, 
and a certain temperature is maintained. The following process has beea 
found to yield satisfactory results: A mixture of 8 parts by weight of con- 
centrated sulphuric acid, and 5 parts of rectified spirit of wine of sp. gr. 
0*834, is introduced into a large flask, connected with a proper condensing 
apparatus and receiver, and the mixture is heated by means of a lamp until 
it attains a temperature of 300^. The rectified spirit is then allowed to drop 
into the heated mixture through a long funnel, and by adjusting its quantity 
on the one hand, and regulating the degree of heat on the other, the tem- 
perature of 300° is maintained as steadily as possible, taking care at the 
same time that the liquid in the flask is kept in rapid ebullition. Under 
these circumstances the bulk of this liquid may be maintained unchanged for 
several hours, and every drop of alcohol which falls into it is instantly con- 
verted into ether and water, the mixed vapors of which pass through a tube 
into a condenser. The receiver is ultimately filled with water and ether, 
the latter floating upon the former. 

The principal point to be attended to in this process, is the maintenance 
of a steady temperature at or about 300°, and of rapid or even violent 
ebullition. The limits of the ether-producing temperature are between 260° 
and 310°, and the success of the operation is well insured by the use of oil 
of vitriol and spirit of wine, in the above proportions and of the described 
strength. If more alcohol, or a weaker acid be used, so as to occasion the 
boiling-point to fall below 260°, little else than unchanged alcohol distils 
over ; and if, by the employment of too much oil of vitriol, the boiling-point 
rises up to or above 320°, in place of ether, oil of wine and olefiant gas are 
generated, together with variable quantities of other products. 

The proportions recommended by Mitscherlich are, 100 parts of concen- 
trated sulphuric acid (which already contains 18*5 of water) diluted with 
20 parts of water, and mixed with anhydrous alcohol, in the proportion of 
50 parts to every 100 of concentrated acid. To this mixture heat is applied, 
and it is kept boiling until the thermometer within the flask indicates 284° : 
two strips of paper are then pasted upon opposite sides of the flask con- 
taining the mixture, to indicate exactly the bulk of its contents, by show- 
ing the level of the liquid within it; alcohol is then allowed to flow in by 
a funnel-tube, the supply being so regulated as to maintain the boiling-point 
at 284°. The temperature for etherification, according to Mitscherlich, is 
between 284° and 302°. The distillate obtained by this process, separates 
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into two parts, the lighter stratum being ether with a little alcohol and 
water; and the heavier, water with a little alcohol and ether. If the pro- 
cess has been carefully conducted, the weights of the water and ether exactly 
correspond to that of the alcohol consumed. In an experiment on a large 
scale, the proportions obtained in the distillate were 65 ether, 18 alcohol, 
and lY water. Careful manufacturers obtain from 100 parts of rectified 
spirit, containing 16 parts, by weight, of absolute alcohol, 60 parts of ether, 
of the sp. gr. 0'121 : according to calculation, they should obtain 58 parts 
of ether of 0-^24. 

The ether of commerce almost always contains alcohol, which materially 
affects its density ; sometimes it also contains water, which is the case with 
what is termed washed ether ; and if ether has been long prepared, it is often 
slightly acid, and leaves a peculiar odor when rubbed upon the hand. In 
order to procure from the distillate perfectly pure ether, it must be well shaken 
in a close vessel with about twice its bulk of water, and allowed to sepa- 
rate upon the surface of the mixture; it is then poured off, and a sufficient 
quantity of well-burned lime added to it, by which the water which it had 
acquired by the agitation, is abstracted. The mixture of ether and lime is 
then distilled by a water-bath, care being taken to prevent all escape of 
vapor, and to keep the condensing-receivers cold : the first third that distils 
over may be considered as pure ether, free from alcohol and water. Com- 
mercial ether may be purified by agitating it with milk of lime, and then 
distilling it from a water-bath by a gentle heat ; the first distillate is then 
shaken with water to separate alcohol, and the resulting aqueous ether sub- 
sequently dehydrated by distilling it off quicklime, or chloride of calcium. 

The chemical changes which take place in the production of ether have 
been variously described. The alcohol is entirely resolved into ether and 
water (C^HgOg— C^H^O + HO), but sulphuric acid does not operate by sim- 
ply abstracting the elements of water, since ether is equally produced at the 
proper temperature (284° to 302°) by the reaction of diluted sulphuric acid 
on absolute alcohol. One theory assumes that by the admixture 'of sul- 
phuric acid and alcohol in certain proportions, Sulphovmic acid is pro- 
duced ; and that at a certain temperature, this acid is simply resolved into 
ether and a mixture of sulphuric acid and water. Sulphovinic acid has 
been regarded by Liebig as a bisulphate of alcohol (CJIg^a^SOg), and by 
Regnault as a bisulphate of ether with 2 atoms of water (C4H50,2S03+ 2H0). 
Whichever view is adopted, it is obvious that this compound contains all 
the elements necessary to the production of ether, when the mixture is 
exposed to the temperature required for its decomposition. The researches 
of Graham have, however, proved that the production of sulphovinic acid 
is not necessary to the formation of ether. When a mixture of oil of vitriol 
and alcohol is exposed in a sealed tube to a temperature ranging from 284° 
to 302°, no charring occurs, but the liquid divides itself into a light stra- 
tum which is nearly pure ether, and a heavy stratum consisting of alcohol, 
water, and sulphuric acid {Journ. Chem. Soc, iii. p. 24). These results 
confirm the original view of Mitscherlich, that alcohol is, under certain fixed 
conditions, simply resolved into ether and water by a catalytic, or polyme- 
rizing, action of sulphuric acid {see p. 55). The acid which remains in the 
retort is unchanged in properties, and unaltered in quantity. A certain 
proportion of acid is necessary in the process, in order to maintain the 
liquid in the retort or flask at the requisite temperature. Sulphuric acid 
exerts a similar catalytic action on oil of turpentine : it splits this oil into 
two other hydrocarbons — terebene and colophene — one of which has a higher 
boiling point and a greater vapor-density than oil of turpentine. This pro- 
duct, as in the case of ether, does not form any combination with the acid. 
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As an additional proof that etber is produced independently of the conversion 
of alcohol into sulphovinic acid, it may be stated that the proportions of 
alcohol and sulphuric acid, which yield the greatest amount of sulphovinic 
acid, do not yield the largest proportion of ether. One part of sulphuric 
acid to 6 or 8 parts of alcohol, yields the largest quantity of ether and but 
little sulphovinic acid : the proportion of sulphuric acid must be greatly 
increased, in order to produce sulphovinic acid. 

Other acids act in a similar manner. Thus, when alcohol is heated to a 
high temperature with a concentrated solution of phosphoric acid, it is split 
into water and ether. In this case the water is retained by the acid, and 
when this is sufficiently hydrated, its decomposing action on alcohol ceases. 
Certain chlorides and fluorides also produce this conversion. The anhy- 
drous chloride of zinc dissolves to a great extent in alcohol. When this 
solution is distilled, alcohol first passes over, and as the temperature rises, 
ether and water are obtained as products in the receiver. 

Properties. — Ether is a highly volatile, transparent, colorless, limpid liquid, 
of a peculiar penetrating odor, and a pun*gent and sweetish taste. It is 
highly exhilarating, and produces a remarkable species of intoxication when 
its vapor is respired mixed with air ; by the proper management of the in- 
halation, a continuous insensibility to pain may be maintained. This appli- 
cation of ethereal vapor was at one time resorted to in the performance of 
surgical operations ; but as an anesthetic, the vapor of chloroform is now 
preferred. Ether is neither acid nor alkaline ; it has a highly refractive 
power in regard to light, and is a non-conductor of electricity. It should 
not redden litmus when pure. The evaporation of this liquid produces 
intense cold. When a few drops of ether covering a drop of water are blown 
upon by a blowpipe the water freezes, in consequence of the rapid evapora- 
tion of the ether. The vapor has been employed for the artificial production 
of ice on a large scale, the evaporation of the liquid being accelerated by 
means of an air-pump. Li vacuo this liquid boils at the lowest temperature. 
A mixture of it with solid carbonic add causes the thermometer to sink to 
— 166° (pp. '74, 252). The sp. gr. of ether varies greatly with the tempera- 
ture. We found, at a temperature of 60"^, that absolute ether, washed and 
distilled over quicklime, had a sp. gr. of O'tlS. It is more commonly met 
with of a sp. gr. of 0-^20. This liquid is so affected in its volume by tem- 
perature that 1000 parts at 96° are reduced to 968 '2 at 60° and to 948* 
at 330. 

At mean pressure, ether boils, according to Gay-Lussac, at 96*5. Ether 
of the sp. gr. of •T20 may be said to boil, under a pressure of 30 inches, at 
98°. TJpon this subject, however, authorities vary a little, in consequence 
of variations in the density of the ether, and also of barometrical pressure, 
circumstances which easily influence the boiling-point of this liquid. The 
extreme volatility of ether renders it impossible to pour it from one vessel 
to another without losing a portion by evaporation, and its vapor, in conse- 
quence of its density, may be seen to fall from the liquid : it is this which 
renders it so dangerous to expose ether near to, and especially above, the 
flame of a candle. The sp. gr. of the vapor, at mean pressure and tempera- 
ture, is 2*5860 in reference to air as=l. At the temperature of 212° I 
volume of ether gives 212 volumes of vapor. The density of the vapor may 
be well shown by dipping a flock of cotton into ether, and placing it within 
a glass tube of about an inch diameter, and 18 or 20 inches long; the vapor 
will descend and escape from the lower end of the tube, where it may be 
inflamed by a lighted taper, but none rises to the upper end of the tube. If 
the lower end of the tube be drawn into a point and bent upwards, the ether 
vapor may there be burned in the manner of a gas-light. The vapor of 
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ether, poured from a wide-mouthed bottle through a long funnel, will readily 
fall, and, when ignited, burn at the end of the funnel. If. two or threfe 
drachms of ether are placed in a quilled receiver on a stand, and the vessel 
is slightly inclined, the ether vapor will fall out of the long narrow tube, and 
may be burnt like a jet of gas. Its density is shown by depressing the tube, 
when the flame will be much increased. If raised, the flame is diminished, 
and ultimately extinguished. This proves the gravitating power of the vapor. 
Its great inflammability may be shown by boiling two or three drachms of 
ether violently in a Florence flask, and igniting the vapor as it issues. It 
burns in a large column of flame, with a light like that of coal-gas. Ether 
may be poured upon a large surface of water, and its vapor burnt on this 
liquid in a sheet of flame. 

The elastic force of the vapor may be shown by letting a drop or two of 
ether pass into the vacuum of a barometer, when it instantly depresses the 
mercury several inches, more or less according to the temperature : hence 
also, when thrown up into gases standing over mercury, it greatly augments 
their bulk. 

Pure anhydrous ether does not freeze. Faraday failed in congealing this 
liquid, although he exposed it to a temperature of 166° below 0°. {PMl. 
Trans. 1845, p. 158.) 

When ether is inflamed it burns with a bright and slightly sooty flame, 
leaving no residue, and producing carbonic acid and water {(jjE{.f> + 1^0.= 
4CO2+5HO). These products may be collected by holding the mouth of a 
clean jar over a flame of burning ether. Water is condensed on the sides of 
the jar, and carbonic acid is collected in the interior. When lime-water is 
poured into the jar the presence of carbonic acid is proved by the liquid 
becoming milky white. Aldehyde and water, as well as acetic acid, are 
among the products of combustion at a low temperature (04H5O-f20 = 
C4H4O3+HO). By passing ether into a jar supplied with a jet and stop- 
cock, standing over warm water, its vapor may be burned at the jet. If its 
vapor is mixed with about 10 volumes of oxygen it explodes violently by an 
electric spark; but with smaller quantities of oxygen, or with air, this com- 
bustion is only imperfect. If a little ether is poured into a bladder full of 
air, supplied with a stopcock and jet, the mixture of air and ether vapor may 
be burned at the jet with a brilliant flame, without risk of explosion. 

Exposed to air and light, as in bottles which are frequently opened, ether 
absorbs oxygen as ozone : it acquires bleaching properties, and is less capable 
of dissolving fixed oils. As one of the results of this absorption of oxygen, 
acetic acid is produced. The presence of this acid is not at first apparent, 
because it forms acetic ether, but it gives to the ether a peculiar odor, and 
in time it becomes acid to tests. The best method of preserving ether is to 
keep it in small well-stopped bottles, quite full, and in a dark place. In 
contact with alkaline bases, this conversion of ether into acetic acid takes 
place more rapidly. 

When ether vapor is passed over red-hot platinum wire, or when red-hot 
platinum wire is plunged into a bottle of air containing a little ether vapor 
diffused in it, the metal continues to glow, and acetic and aldehydic acids 
are produced. When a stout rod of platinum, copper, iron, or glass, is 
heated to dull* redness, and introduced into the mixture, ozone is produced 
at the expense of a part of the oxygen, and the ether is altered in properties. 
It will now slowly bleach a weak solution of sulphate of indigo (p. 102). 

Ether is soluble in alcohol and chloroform in all proportions, but has only 
a limited solubility in water. Nine parts of water dissolve one part of ether. 
On this difl*erence is based the separation of alcohol from ether, as well as 
the detection of that liquid in commercial samples. When a mixture of 
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alcoliol and ether is shaken with water the mixture separates into two layers, 
each of which contains the three liquids. The upper layer contains a large 
excess of ether, the lower a large excess of water, with the greater part of 
the alcohol with which the ether was mixed. By repeated washing, the 
whole of the alcohol may be removed. Ether which has thus been washed 
retains about a tenth part of water ; or, according to Liebig, 36 parts of 
pure ether dissolve one part of water. From this it may be freed by distil- 
lation with quicklime, anhydrous sulphate of copper or dry chloride of 
calcium. A mixture of alcohol, ether, and ethereal oil is known under the 
name of Hoffmann's anodyne liquor, or spirit of ether. Such a mixture is 
employed in photography as a solvent for pyroxyline. 

Ether dissolves a small quantity of sulphur (l-80th), which is not thrown 
down by the addition of a little water ; the solution smells of sulphuretted 
hydrogen, and by slow evaporation deposits regular crystals of sulphur. 
Ether dissolves more than 2 per cent, of phosphorus (l-3Yth); the solution 
when concentrated by evaporation, deposits crystals of phosphorus : it is 
luminous in the dark when in contact of air, and if poured upon hot water 
produces a brilliant column of luminous vapor. Exposed to air, this solu- 
tion becomes acid, and phosphorus is precipitated when it is mixed with 
water or alcohol ; it gradually deposits red phosphorus when exposed to 
light. Ether does not dissolve potassa or soda, or their carbonates. 

The fixed and volatile oils, many of the resins, caoutchouc, various forms 
of extractive, the alkaloids, and some other vegetable principles, are more 
or less soluble in ether ; hence ether is often employed in the analysis of 
organic products, as a means of separating their proximate principles from 
each other. When mixisd with chloroform, its solvent power on certain 
alkaloids is much increased. Such a mixture is employed as a solvent for 
strychnia. Many metallic salts are soluble in ether, and especially the 
chlorides of gold, platinum, iron, and uranium ; the property which ether 
has of abstracting these salts from their aqueous solutions, has been adverted 
to under the history of the respective metals. Potassium and sodium are 
converted into potassa and soda by contact with ether, and hydrogen is 
disengaged. 

A small quantity of sulphuric acid added to ether produces no effect, but 
a mixture of equal parts of ether and the acid blackens, and yields, on dis- 
tillation, oil of wine, olefiant gas, acetic and sulphurous acids, and water; it 
leaves a resinous matter and charcoal. Anhydrous sulphuric acid decom- 
poses ether, and produces, according to Liebig, ''isethionic and althionic 
acids, oil of wine, and sulphate and bisulphate of oxide of ethyle ; if heat 
be used, these products are decomposed, and sulphate of oxide of ethyle, 
oil of wine, water, and ether, together with acetic, formic, and sulphurous 
acids, carbonic oxide, and olefiant gas, pass over." 

Heated with nitric acid, ether yields, according to Liebig, carbonic, acetic, 
formic, and oxalic acids, as well as aldehyde. 

When a little ether is introduced into chlorine, the gas is absorbed, and 
peculiar compounds result. When bubbles of chlorine are passed into ether, 
they often cause inflammation, and when a small quantity of ether is poured 
into a jar of gaseous chlorine, and a lighted taper is applied, hydrochloric 
acid is formed, and carbon is set free, sometimes with explosion. 

Iodine and bromine are soluble in ether, and gradually react upon and 
decompose it. The solution of iodine in ether is dark brown, and soon gives 
rise to the production of hydriodic acid. When ether is saturated with 
bromine, and the mixture is left for ten or twelve days, it is entirely decom- 
posed ; the products are, 1, formic acid(?j ; 2, hydrobromic acid; 3, hydro- 
bromic ether ; 4, heavy bromic ether ; 5, bromal. The first four products 
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may be separated by distillation, and the hromal remains (C^HOgBrg) : it 
may b^ purified by mixture with water, and in the course of twenty-four 
hours crystals of hydrate of bromal are formed. When this hydrate is boiled 
with an alkaline solution, 2 atoms are resolved into 2 atoms of formic acid, 
2 of bromoform, and 6 of water. 

Composition, — The vapor of ether, when passed through a red-hot tube, 
is decomposed : carbon is deposited, and water and aldehyde are among the 
products. When the vapor is analyzed by passing it through red-hot oxide 
of copper, the results furnish the following elementary composition : — 

Sp. gr. 

. 1-6584 
. 0-3455 
. 0-5528 





Atoms. 


Weights. 


Per cent. 


Vols. 


Carbon 


. 4 


... 24 . 


.. 64-87 


... 4 


Hydrogen . 


. 5 . 


5 . 


.. 13-51 


... 5 


Oxygen 


. 1 . 


8 . 


.. 21-62 


... i 



Ether . . 1 37 100-00 1 2-5567 

The specific gravity of ether vapor compared with air is 2*5573, and its 
calculated density is in accordance with this result. Compared with hydro- 
gen, the sp. gr. of ether vapor is 37 ; its volume equivalent is 1. If oxygen 
is assumed to be 16, the equivalent of ether must be doubled. Its relations 
to alcohol and other bodies would thus be disturbed, and the formulae for 
the various ethers would be rendered unnecessarily complex. 

Tests. — Ether may be identified by its odor and inflammability, as well as 
by the color of its flame and the products of combustion. 

Ether is commonly regarded as an oxide of the compound radical Ethyle 
(C4H5). With an atom of water it forms alcohol, which is therefore a 
hydrated oxide of ethyle. Ethyle combines with the halogens and ether, as 
its oxide, combines with the oxacids. Dr. Frankland isolated this radical 
by the action of zinc on iodide of ethyle. {Journ. of Ghem, Soc.j ii. p. 263.) 
He describes it as a colorless gas, of a slightly ethereal odor, burning with 
a brilliant white flame, and of a sp. gr. =^2-00394. It is not liquefied at 0°, 
under atmospheric pressure, but under a pressure =2*25 atmospheres, at 
87*^, it becomes a colorless, transparent, mobile liquid ; it is absorbed by 
alcohol, which evolves it again on dilution. In Erankland's experiments, 
the theoretical result of the decomposition of the iodide of ethyle, namely, 
CJI^l + Zn—Znl + GJI^, was never attained, but a portion of the ethyle 
was always resolved into elayle and methyle, CJI^^^C^Hq-^CJIs', so that 
the action of the zinc upon the iodide of ethyle, at the temperature required 
for its decomposition, namely 302^, may be represented as follows :— 
2[C,H,I]-f2Zn,=2ZnI, + C,H,+ C,H,+C,H3. 

The anhydrous, does not readily pass to the state of hydrated oxide of 
ethyle. Thus, ether may be shaken with water, and kept long in contact 
with this liquid without producing alcohol. The dehydration of the oxide 
(alcohol) is also effected in a remarkable manner by sulphuric acid, and this 
acid does not combine with the oxide as it is produced. The anhydrous 
oxide and water are distilled over together. 

Heavy Oil of Wine. Sulphatic Ether. Oleum JEthereum.- — When the 
distillation of a mixture of sulphuric acid and alcohol is carried beyond the 
point at which ether ceases to come over, a liquid, looking like oil, is ob- 
tained, to which the above names have been applied ; when washed, it has 
a bitter aromatic flavor. It has long been known under the name of oil of 
wine, and was formerly regarded as analogous in composition to the volatile 
oils. 

It may be prepared by distilling a mixture of 1 part of alcohol, and 2*5 
parts of concentrated sulphuric acid. The oil in the distillate is separated 
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from the water, and is purified by placing it in vacuo with two vessels, the 
one containing' hydrate of potassa, and the other strong sulphuric acid. Its 
formula is C^H^OjSOg. It is therefore, in constitution, a sulphate of the 
oxide of ethyle, or sulphuric ether. 

The oil is of a yellow color, has a penetrating aromatic odor, and a sp. 
gr. of 1*133 ; it is soluble in alcohol and ether, but not in water. It cannot 
be distilled without decomposition ; at 210^ it is converted into alcohol, 
sulphurous acid, and defiant gas. When long boiled with water, it is con- 
verted into sulphovinic acid and alcohol, and an oily hydrocarbon which 
floats on water. This is light oil of wine^ or etherole ; it resembles olive oil, 
and has a sp. gr. of 0*920. 

Numerous ethers are produced by the action of a variety of acids upon 
alcohol. These are called compound ethers. 

Hyponitrous Ether. — Nitrous Ether {QJSl^O^I^O^. — This is procured 
by mixing and carefully distilling at a gentle heat, equal v/elghts of alcohol 
(0*820) and of nitric acid (1-30). One hundred parts of this mixture yield 
10 parts of rectified ether. It is a highly volatile inflammable liquid, sp. 
gr. 0-941 at 60°: it boils at 10°, and its vapor has a sp. gr. of 2*627. It 
is neutral, but by exposure to light in contact with water, it becomes acid. 

Nitric Ether (C4H50,N05). — A mixture of nitric acid and alcohol, when 
heated, or even allowed to stand, invariably produces hyponitrous ether, with 
a violent action. In order to prevent the formation of hyponitrous acid, 
about one per cent, of nitrate of urea is added to equal weights of nitric 
acid (1-4:) and alcohol (0*842). The mixture is gently heated, and seven- 
eighths are distilled over. The nitrate of urea is unchanged, and may be 
repeatedly used. The rectified product has an agreeable odor, distinct from 
that of hyponitrous ether. It has a sweet and slightly bitter taste : its sp. 
gr. is 1*112, and it boils at 185*^. It is insoluble in water, but soluble in 
alcohol, from which it is again precipitated by water. 

Acetic Ether (C^H.O^Ac). — When an acid does not directly resolve 
alcohol into water and ether, the conversion may be effected, and a new ether 
produced by distilling one of the salts of the acid with alcohol and sulphuric 
acid. Thus three parts of acetate of potassa, three of absolute alcohol, and 
two of sulphuric acid, distilled to dryness, yield a product which, when 
rectified by redistillation with sulphuric acid and by the action of lime and 
chloride of calcium, is called acetic ether. This liquid boils at about 165°. 
Its sp. gr. is 0*89, and the density of its vapor is 3-03. It has a peculiarly 
agreeable odor, and appears to exist in and contribute to the odor and flavor 
of certain wines. It burns with a yellowish flame, and acetic acid is developed 
by its combustion. Water dissolves about one-seventh of its weight of this 
ether, and the solution is decomposed by potassa, giving rise to an acetate 
and to alcohol. Ammonia has no action upon it. It is soluble in all pro- 
portions in alcohol and in ether. 

Hydrochloric Ether (C4H5CI). — Muriatic Ether, Chloride of Ethyle. 
— This may be obtained by subjecting to careful distillation a concentrated 
solution of hydrochloric acid gas in alcohol ; or a mixture of 1 part of 
alcohol, 1 of sulphuric acid, and 2 of fused and finely-powdered chloride of 
sodium. In all these cases the ether passes over : it should first be trans- 
mitted into warm water, by which its adhering acid and alcohol are abstracted, 
and its vapor may then be condensed by conducting it through a cold tube, 
and receiving it in a bottle surrounded by ice and salt. Hydrochloric ether 
is a limpid, neutral, colorless liquid, of a peculiar penetrating odor, and a 
sweetish acrid taste. Its specific gravity is 0*814 at 42° ; it boils at about 
60° ; and the specific gravity of its vapor is 2*219. When cooled down to 
— 10°, it crystallizes in cubes. It is soluble in about 50 parts of water, and 
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in all proportions, in alcohol and ether. It dissolves sulphur and phosphorus, 
as well as the fixed and volatile oils. 

Iodine and Bromine produce with alcohol, ethers analogous to the hydro- 
chloric. They have the formula C4II5I and C^HgBr. 

Hydriodic Ether, or Iodide of Ethyle, is obtained by the distillation of a 
mixture of alcohol, iodine, and phosphorus. It is a colorless liquid of a 
penetrating ethereal odor, of a sp. gr. of 1-94 at 61°. It boils at 148° ; the 
sp. gr. of its vapor is 5*4. It is not inflammable, but when dropped on red- 
hot charcoal it gives off a purple vapor. It is decomposed at a red heat. 
It is dissolved by alcohol, but not readily by water. This liquid possesses 
an interest as being the source of the compound radical ethyle (page 555). 
Hydrohromic Ether is prepared by a similar process. Fluorine, cyanogen, 
sulphocyanogen, and even sulphur, form compounds with ethyle of the nature 
of ethers. These are obtained by various complex processes. Bydrosul- 
phuric Ether or Mercaptan (O4H5S + HS), is procured by distilling a con- 
centrated solution of hydrosulphate of sulphide of barium with sulphovinate 
of baryta. It is a colorless liquid, of a strong odor, resembling that of garlic. 
It is not very soluble in water, but is dissolved by ether and alcohol in all 
proportions. Its sp. gr. is 0'832: it boils at 9t°, and the density of its 
vapor is 2-14. It has a powerful affinity for mercury: it decomposes corro- 
sive sublimate, forming mercaptide of mercury : hence the name mercaptan 
(jiier curium captans). 

Other ethers are formed by the combination of oxide of ethyle with many 
anhydrous acids — e. g., the perchloric, silicic, boracic, oxalic, carbonic, ar- 
senic, cyanic, hydrocyanic, formic, benzoic, succinic, and citric acids. These 
are for the most part procured by distilling a mixture of alcohol and hydro- 
chloric or sulphuric acid with the respective acids or their salts. 

DouUe ethers are those in which the elements of ordinary ether are com- 
bined with the ethers of the amylic or methylic series. 

Compound ethers are found ready formed in plants and fruits, and to the 
presence of these, their odors and flavors are frequently due. They may be 
artificially imitated. When dissolved in a large quantity of alcohol, these 
ethers lose their offensive odor, and form various essences for giving perfume 
and flavor. Thus pine-apple oil is butyric ether, C^HgOjCgHyOg. It may 
be produced from butter, or by the reaction of alcohol on impure glycerine. 
Essence of melons is ether combined with one of the acids of cocoa-nut oil, 
and essence of quinces is pelargonic ether, GJlfijC^^H^^O^. This is con- 
sidered to be identical with cenanthic ether, which gives the bouquet to wine 
(page 535). Pear-oil is an alcoholic solution of the acetate of amyl, G^Jl^^ 
0,0411303, and apple-oil is the valeriate of the same radical, C^oH^iO.C^oHg 
O3. The oiPof winters-green is the salicylate of methyl, C^HfijC^JBLfi^. 



CHAPTER XLIX, 

CELLULOSE. PYROXYLINE. WOOD. COAL. BITUMEN. PRO-^ 
DUCTS OF THE DECOMPOSITION OF WOOD AND COAL. 

Woody Fibre. Cellulose. Lignine. 

The term cellular matter, or celhdose, has been applied to the pure base of 
woody fibre. The varieties of woody matter differ in color, texture, and in- 
duration ; but when freed from various foreign matters, they leave a white 
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translucent residue, insoluble in water, alcohol, and ether, and convertible, 
by sulphuric acid, into a substance having some of the characters of starch, 
and then into gum and sugar. Certain piths, linen, cotton, filtering paper, 
and some other allied substances, are nearly pure cellulose. Weak acids and 
alkaline liquids, and a weak solution of chlorine, have scarcely any action on 
it, but they change, combine with, or decompose it when concentrated, and 
some of these reactions are very important : when, for instance, clean linen 
or cotton rags are acted on by cold sulphuric acid, a magma is formed, 
which if immediately saturated by carbonate of baryta, or lead, yields inso- 
luble sulphates, together with soluble sulphoUgnates. These salts appear 
identical with those of the sulphoglueic or sulphosaccharic acid, derived from 
the action of sulphuric acid on glucose. This magma is also blued by iodine. 
If it be much diluted and boiled, it yields dextrine, and ultimately glucose. 
By this action of sulphuric acid upon paper, a useful material now known 
as vegetable parchment, is obtained. It is prepared by steeping thick un- 
sized paper in a mixture of equal parts of sulphuric acid and water, at a tem- 
perature of 60^, then washing it well in cold water and drying it. It is 
translucent, tough, and nearly impermeable to water, forming a useful sub- 
stitute for common parchment or vellum. The following is another method 
of preparing this parchment: Two parts, by measure, of the strongest sulphu- 
ric acid are mixed with one part of water. These proportions are material : 
if the acid is weaker, the fibre of the paper is converted into gum, if stronger 
it is corroded. White blotting-paper is thoroughly soaked in the mixed 
acid and water, and immediately removed. It is then transferred to a large 
quantity of water containing a little ammonia, and after thorough washing it 
is dried. In this conversion the fibre undergoes no chemical change. The 
molecular condition of the paper is simply altered by the pores being filled 
up. The influence of a slight increase in the water may be thus shown. If 
the unsized paper is wetted in spots before it is immersed in the acid mix- 
ture, the wetted parts are destroyed while the remainder of the paper is 
parchmented. The substance is now put to some important uses in the arts. 
Pyroxyline. Gun-cotton. — This remarkable . substance, discovered in 
1846 by Schoenbein, is prepared by dipping clean carded cotton, well dried, 
into a mixture of 3 volumes of nitric acid (sp. gr. 1*5) with 5 of sulphuric 
acid. The concentrated commercial acids answer the purpose : the mixture 
is allowed to cool, and small portions of cotton should be used at a time, 
and completely immersed, so as to avoid elevation of temperature : in 10 or 
20 minutes the cotton may be withdrawn (the excess of acid pressed out), 
and thoroughly washed in water containing a little ammonia; it is then cau- 
tiously dried, at a temperature not exceeding 200°. 100 parts of cotton 
thus treated yield about HO of dry gun-cotton. Clean paper, the purer 
varieties of sawdust, and other forms of ligneous matter, produce similar 
compounds. Pyroxylic paper is remarkable for the intensity of its electricity 
when slightly rubbed. Well prepared pyroxyline resembles the original 
cotton in appearance, but is more harsh and brittle to the touch, and highly 
electric ; its extreme combustibility is very remarkable ; inflamed in the open 
air it flashes off without smoke, smell, or residue ; it takes fire at about 
400°, which is about 200^ below the temperature required for the ignition 
of gunpowder, and its combustion is more rapid. In consequence of its 
whiteness it is not so easily inflamed by a solar lens as gunpowder, unless it 
is tinged with indigo or carmine, or covered with a little charcoal. Burned 
in a tube it produces red fumes, having the odor of nitrous acid. When 
substituted for gunpowder in fire-arms, the extreme suddenness of its explo- 
sion is apt to burst the barrel, but it is a powerful projectile agent. Por 
mining purposes it is preferable to gunpowder, in producing less noxious 
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fumes ; and it is not deteriorated in damp air, or even (when subsequently 
dried) by immersion in water ; and, weight for weight, its explosive force is 
between 3 and 4 times greater than that of gunpowder. The extreme ra- 
pidity of its combustion is well shown by placing a flock of it upon a small 
heap of gunpowder, where it may be exploded by a hot wire without kind- 
ling the powder. Exclusive of the traces of nitrous acid above adverted 
to, aqueous vapor, carbonic oxide, carbonic acid, and nitrogen, are the pro- 
ducts of its combustion. 

Pyroxyline, as above prepared, is insoluble in dilute acids ; it dissolves in 
methylic and acetic ethers, and in acetone. It is very slightly soluble in 
mixtures of ether and alcohol. 

Gun-cotton for medical purposes is prepared by keeping the cotton for 
about two hours in a mixture of 2 parts of powdered nitre, and 3 of sul- 
phuric acid ; after washing and drying, it is digested in a mixture of about 
90 parts of ether, and 10 of alcohol. Spread upon silk this solution fur- 
nishes a good sticking-plaster. 

A solution of potassa dissolves and decomposes gun-cotton ; ammonia 
also dissolves it, and leaves it, on evaporation, in a pulverulent form. Sul- 
phuric acid dissolves pure gun-cotton and is not discolored by it, unless it 
contains portions of unchanged cotton. It is scarcely affected by cold nitric 
acid, but, if heated, nitrous acid vapor is evolved ; and on adding water, a 
white inflammable powder falls, which resembles that obtained by a similar 
process from a nitric solution of starch — called xyloidine. 

The production of nitrous acid by the combustion of pyroxyline may be 
shown by exploding a portion on blue litmus-paper, or on starch-paper, im- 
pregnated with a solution of iodide of potassium. The former is reddened, 
and the latter acquires a deep-blue color. 

The pyroxyline used in photography requires many precautions for its pre- 
paration. Its qualities are materially affected by the proportions of the 
acids ; their sp. gr., the temperature of the mixture, and the period of time 
during which the cotton is immersed. Mr. Nicol recommends the following 
formula : Ten ounces, by measure, of sulphuric acid (1*840), and 5 ounces, 
by measure, of nitric acid (l'3t0), are to be well mixed, and 2 fluid drachms 
of water added. When the mixture has cooled to about 130^, place in it, 
tuft by tuft, well pulled out, 5 drachms of clean cotton. Each tuft should 
be penetrated by the acid, as it is immersed. The cotton should be kept 
immersed ten minutes, then removed, washed, and dried. If it appear to 
dissolve while immersed in the acids, this may be prevented by pressing the 
cotton together with glass rods. We have found this compound to be very 
soluble in a mixture of alcohol and ether (p. 4t2). It leaves, on evapora- 
tion, a smooth transparent film. It is not very explosive, but completely 
combustible. 

The following is another formula : Powdered nitre, 925 grains, sulphuric 
acid (1'8), 1389 grains. When the nitre is entirely dissolved in the acid, 
plunge in, by separate portions, 62 grains of clean cotton. Immerse for*ten 
minutes, then remove and wash the product. 

Generally speaking, the longer the cotton is left in the acid mixture, the 
less soluble it becomes. 

The composition of pyroxyline no doubt varies, according to the mode in 
which it is prepared. There are at least four varieties known. In all cases 
it must be regarded as the nitrite of an organic base. The formula for 
photographic cotton is (C24[Hie(N04)4]02o) (p. 4t3). It is a substitu- 
tion-compound in which 4 atoms of hydrogen are replaced by 4 atoms of 
nitrous acid. According to Pelouze and Fremy {Chim. Organ, vol. i. p. 
950), the formation of pyroxyline is as follows : — 
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,,^,fij + 5(N0,H0) = lOHO + (C^.Hj.O, 



Cellulose. Pyroxyline. 

The composition of cellulose, or pure woody fibre, may be represented as 
CgH^Og : but a higher equivalent is better adapted to its combinations, and 
its most convenient formula is C^JI^fi^Q. 

LiGNiNE Wood. — -The varieties of wood have cellulose, in various degrees 
of induration, as their basis, with other substances superadded, giving 
distinct characters to the several varieties of this important product : in 
some of the hard and white woods, these foreign matters are unimportant; 
but in others, as in the resinous, colored, and astringent woods and barks, 
they materially affect their durability and uses. 

The average sp. gr. of wood is 1*5, but it generally floats, in consequence 
of the air it includes, though there are a few woods — such as guaiacum, 
ebony, and box — which sink in water. Green wood includes from 30 to 
40 per cent, of water ; in its ordinary state of dryness, it retains about 25 
per cent. : but when artificially dried, as when used for fuel, in which case 
its humidity greatly diminishes its heating powers (see p. 95), it should not 
retain more than 10 or 12 per cent. 

The durability of woods depends upon their state of induration, and upon 
the extraneous matters, such as resin and tannin, which they contain; but by 
long exposure to air and moisture, they are all more or less liable to decay 
(o?ry rot) in consequence chiefly of the presence of a nitrogenous matter, 
which seems to act as a ferment ; the attacks of insects and the growth of 
fungi and lichens also contribute to these changes. This decay may be to a 
great extent prevented, by imbuing the timber with certain oils, tars, oxides, 
and salts; and ropes, sailcloth, &c., maybe similarly treated. Alum, 
sulphate, and pyrolignate of iron, sulphate of copper, corrosive sublimate, and 
chloride of zinc are some of the substances which have been thus applied ; 
they act by comhining with the wood or fibre ; but when large dense pieces 
of timber are operated on, there is a difficulty in causing them to be perme- 
ated by the solution. In some cases this has been effected by placing the 
wood and preservative liquor in a vessel admitting of being exhausted, so 
that the interstitial air of the wood has been pumped out, and the metallic 
solution forced in on restoring the air's pressure. Another mode of effecting 
a more entire penetration, consists in rendering the natural functions of the 
tree available : the force with which the sap rises from the roots to the leaves, 
is well known, and accordingly, if a tree in full leaf be cut through just, 
above the root, and the cut surface immersed in the metallic solution, this 
will be carried upwards and transmitted even to the smaller branches. Even 
a hole bored into the body of the tree, or a section into it by a saw, may be 
resorted to as means of presenting an absorptive surface to which the pro- 
tective liquor may be applied. It has also been proposed to apply this 
system to coloring and perfuming woods, by causing them to absorb colored 
liquors, or metallic solutions, which by reacting upon each other would cause 
the deposition of colored precipitates ; Prussian blue, chromate of lead, 
tannate of iron, ferrocyanide of copper, and other similar metallic colors, 
have thus been formed in the ligneous texture, and it has been similarly per- 
vaded by certain essential oils. (Boucrerie, Ann. Gh. et Ph., Ixxiv. 113.) 
Silicious solutions, and solutions of certain phosphates, have also been thus 
employed, with the twofold object of preservation from decay and protection 
from fire. 

Products of the Decay of Wood. — When wood is kept dry, or when sub- 
merged in deep water, it is little prone to change. In mummy-cases, in the 
roofs of some old buildings, in the piles of bridges, and in submerged forests. 
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wood has remained for centuries in good condition ; but under the protracted 
influence of air and moisture it undergoes a series of changes, the rapidity 
of which, and their concomitant results, depend upon the texture of the 
wood and the quantity and quality of the foreign matters associated with it; 
some promoting and others retarding decay ; among the former, certain 
azotized matters are apparently most active. Carbonic acid and water are 
always evolved during the decay of wood, and a variety of intermediate 
compounds are among the solid products, more especially, the brown matter 
found in soils or mould, and to which the terms geine^ humuSj and ulmine^ 
have been applied. These or analogous compounds are obtained by the 
action of alkalies upon several organic products, and amongst these upon 
woods; they are compounds of carbon, hydrogen, and oxygen in various 
proportions, and may be regarded as so many steps in those processes of 
decomposition in which wood, by the loss of water and carbonic acid, gradu- 
ally passes into the modification of coal. These brown extractive matters 
combine with alkalies, and have been described as geic acid {C^^^^O^^, 
liumic acid {O^^^fi^^, and ulmic acid {G^^^fi^^. The dark brown 
exudation on the barks of certain trees, and especially of the elm^ contains a 
similar substance, combined with potassa, and allied products have been 
found in the ferruginous deposits of certain mineral waters, and have been 
termed Crenic and Apocrenic acids. 

Coal. — Pit coal and many of its allied products are obviously of vegetable 
origin ; but the circumstances under which they have been formed, and 
deposited in their present localities, are very imperfectly understood. 

Lignite, as its name imports, generally retains its ligneous structure; 
sometimes it resembles indurated peat, and contains brown extractive matter 
and resin. When heated, it exhales a bituminous odor, and burns with a 
bright flame. It is found in tertiary strata (p. 236). 

Bituminous coal constitutes our common fuel ; but there are many varieties 
of it, differing in color and structure, in their manner of burning, and in the 
quality and quantity of the gas and coke which they yield on distillation (see 
p. 254). The geological position in which this coal occurs, Is between the 
New and the Old Red Sandstones, forming the coal-measures. 

Cannel coa^ and Parrot coal are distinguished by their slaty and conchoidal 
fracture, their clean surface, and by their yielding a large proportion of gas 
of high illuminating power, and leaving about half their weight of coke. 
There is a variety of coal intermediate between that which is highly bitumi- 
nous and the anthracites, called steam coal and Welsh coal: it burns well, 
does not cake, gives little smoke, and yields a porous coke. It is a useful 
fuel for many closed stoves, when the draught is insufficient for the cooibus- 
tion of anthracite. 

Anthracite (av^pal, coal) is more difficult of combustion, yields little vola- 
tile matter, and therefore burns without flame. Some of its varieties are 
very compact, and split into small fragments when heated. 

The essential ultimate constituents of coal are carbon and hydrogen ; but 
it also includes oxygen, nitrogen, sulphur, and various mineral matters, con- 
stituting the incombustible residue or ash, which is chiefly composed of 
silicious matter and unburnt charcoal, with carbonate of lime and oxide of 
iron. 

100 parts of several varieties of coal, previously dried at 212^^ gave the 
following results. (Yaux, Journ. Chem„ Soc.^ i. 828.) 
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Newcastle. Staffordshire. Wigan Cannel. Anthracite, 

Carbon 81-41 ... 78-57 ... 80-07 ... 90.89 

Hydrogen 5-83 ... 5-23 ... 5-53 ... 3-28 

Oxygen 7-89 ... 12-88 ... 8-09 ... 2-97 

Nitrogen 2-05 ... 1-84 ... 2-12 ... 0-83 

Sulphur 0-75 ... 0.89 ..." 1-50 ... 0.91 

Ash 2-07 ... 1-03 ... 2-70 ... 1-61 

Specific gravity . , . 1-276 ... 1-278 ... 1-276 ... 1-392 

Approximate formul 86 . C27HUO2 Cg^^HjoOg CgeHjoOg C4oHgO 

Bitumen, Asphalt, Petroleum. — These, and several allied substances, 
are closely connected with coal, in reference especially to the products of 
their destructive distillation. Many of the varieties of coal may be regarded 
as carbonaceous matters impregnated with bitumen, and the Situminous 
Schists are earthy compounds, chiefly aluraino-silicious, similarly impreg- 
nated. The bituminous shales of Dorsetshire, and of Bathgate, near Edin- 
burgh, leave little carbonaceous matter, and nothing in the form of coke, but 
from 20 to 25 per cent, of earthy matter or ash. When distilled in close 
vessels, their volatile products, on the other hand, are very abundant, and 
vary in character and composition with the temperature to which they are 
subjected. If rapidly distilled at a high temperature, gases of high illumi- 
nating power abound ; if at a lower temperature, liquid oily hydrocarbons 
in great variety are obtained, and among these, paraffine and its congeners. 

Asphalt, or Mineral Pitch, in its purest form, may be taken as the type 
of the Bitumens: it occurs on the shores of the Dead Sea (the Asphaltic 
Lake), in Barbadoes and Trinidad, in Albania, and nearly pure at Coxitambo 
in South America. It formed a leading ingredient in the celebrated Greek 
fire of the middle ages. Pure asphalt is black, or dark brown, has a slight 
bituminous odor, a resinous fracture; sp. gr. 1 to I'l ; it softens when 
heated, and burns with a smoky flame. It is insoluble in water, sparingly 
so in alcohol, but abundantly in ether and in benzole. Asphalts and bitu- 
mens of various degrees of purity, and from various sources, are used in 
combination with lime, chalk, sand, &c., for pavements and cements. Two 
of the proximate components of asphalt have been termed Asphaltene 
(C,oH3,Oe) and Petrolene {C,,^,,), 

Petroleum, Naphtha. Rock- Oil. Mineral Tar. (Cg^H^J. — Inflammable 
oily bodies, issuing often in large quantities from fissures in connection with 
coal strata, and in other localities, have been long known. The purer 
varieties are nearly colorless, and burn without residuum {native naphtlia). 
Others are brown, and leave asphalt when distilled. The Burmese petro- 
leum or naphtha has long been celebrated : it issues from a sandy loam resting 
upon bituminous shale and coal strata: it is used in lamps, and mixed with 
earth for fuel. Enormous quantities of rock-oil have been lately imported 
from the United States and Canada. In the former country, according to 
Mr. Hunt, the wells are chiefly found in jSLew York, Pennsylvania, and Ohio. 
Those of Mecca (Ohio) have been sunk from 30 to 200 feet in a sandstone, 
which is saturated with the oil. Of 200 wells which have been sunk, a dozen 
or more yield from five to twenty barrels of oil daily. The wells of Pennsyl- 
vania vary in depth from 70 to 300 feet, and the petroleum, or rock-oil, is 
met with throughout. The oil varies considerably in color and thickness^ 
Its sp. gr. is from 0'830 to 0'890. The oil-wells in the United States are 
for the most part sunk in the sandstones of the Devonian series ; but those 
of western Yirginia and southern Ohio rise through the coal-measures which 
overlie the Devonian strata. In Canada the oil is found in shales and lime- 
stones. At one of the Canadian wells the oil rises from a depth of 284 feet 



COAL-TAR. NAPHTHA. NAPHTHALINEo 563 

at the rate of 25 barrels, or about 1000 gallons, per hour, and much of it is 
allowed to run to waste from the inadequacy of the supply of barrels, and 
of the other means to store it. At another well the supply is alleged to 
have poured forth at the r§Lte of '10,000 gallons a day uninterruptedly, except 
when the opening was plugged, for several months. A third well exists of 
similar capacity; and the other wells which require labor or machinery for 
pumping are innumerable. The American rock-oil may be regarded as a 
compound of various hydrocarbons boiling at different temperatures, and 
possessing different degrees of inflammability. 

All these mineral oils, when subjected to fractional distillation, yield 
products more or less resembling those similarly obtained from coal naphtha, 
and are available for similar commercial purposes. 

CoAL-TAR, as produced in the gas-factories, is a very complex substance : 
it is always alkaline, from the presence of ammonia : it contains aniline and 
numerous other bases, as well as carbolic and acetic acids. When distilled, 
fetid ammoniacal compounds pass over, and a light oil {Coal naphtha)^ suc- 
ceeded by small portions of a heavier oil (dead oil), containing a little 
paraffine, and by naphthaline : the residuary pitch, or asphalt, is used for 
common black varnishes. By a careful fractional distillation of the rectified 
naphtha, the following products are obtained — 1, An oil of an alliaceous 
odor, boiling between 150^ and 160^; 2, an oil boiling at ITO^, identical 
with henzohj C^gHg ; 3, an oil consisting chiefly of toluole^ CJ^^Hg, boiling at 
240° ; 4, an oil boiling between 240° and 290°, having the proportions of 
Gumole, O^gH^g*, and 5, an. oil between 330° and 340, and resembling 
Gymole, CgoH^^ (Mansfield, Quarterly Journ. Ghem, Soc, i. 252). Naphtha 
therefore is a mixture of several apparently definite hydrocarbons. Amongst 
them benzole, is the most important. 

Naphthaline (CsoHg).— -This is a white crystalline substance, obtained 
by subjecting coal-tar to distillation : it passes over after the coal-oils, and 
is produced when the vapors of coal-tar are passed through a red-hot tube. 
It may be purified by sublimation with powdered charcoal. Naphthaline 
has a faint odor, which has been compared to that of the narcissus, and a 
slightly aromatic taste ; its sp. gr. is 1*05 ; it is unctuous to the touch, and 
evaporates slowly at common temperatures; it fuses at about 116°, and 
crystallizes as it cools ; it boils at 420° ; the sp. gr. of its vapor is 4*5. It 
burns with a lurid smoky flame. It is insoluble in water, but alcohol, ether, 
and some of the oils dissolve it readily ; it is deposited from its alcoholic 
solution in lamellar iridescent crystals. The alkalies have no action upon it. 
When gently heated with sulphuric acid it produces a red crystalline com- 
pound which, saturated with carbonate of baryta, yields insoluble sulphate, 
and a soluble sulphonaphtkalate of baryta. The formula of sulphonaphthalic 
acid is supposed to be HO,C2oHjS205. Naphthaline combines with chlorine, 
producing two chlorides, CgoHgCIg, and CsoHgCl^, the properties and reactions 
of which have been studied by Laurent : it also combines with bromine. 
From these chlorides and bromides a numerous series of substitution-com- 
pounds have been derived. By the protracted action of nitric acid on 
naphthaline, naphthalic or 'pilialic ^q\^ is formed=(2(HO),Cj8H406) which 
when distilled with lime yields benzole and carbonate of lime. This acid 
is also one of the products of the action of nitric acid on alizarine. 

Paranaphthaline. — Under this term Dumas and Laurent {An7i. Gh. et 
Ph. 1. 187) have described a hydrocarbon resembling naphthaline, but 
yielding a vapor having the density of 6*18. Paranaphthaline is less volatile 
than naphthaline, and, therefore, when coal-tar is distilled, it is among the 
latter of its products. According to Keichenbach {Poggend. Ann.^ xxviii. 
484); paranaphthaline is a mixture of naphthaline and paraffine. The term 
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anthracene has been applied to paranaphthaline, and it has been represented 
as CgoHjg. 

Among the last portions of the distillation of coal-tar, a yellow crystalline 
solid is found, fusing at 455^, and insoluble in most liquids ; it has been 
termed chrysene, and its formula is said to be C^gH^ : it is accompanied by a 
more fusible substance, pyrene^^Q^^^, 

Benzole (C^aHg) ; Benzine, Benzole was first discovered by Faraday, in 
the products of the destructive distillation of whale-oil ; and Mitscherlich 
obtained it by heating benzoic acid with excess of hydrate of lime ; but it 
is now procured from coal naphtha, the more volatile products of which, 
when cooled to 32^, deposit it in a solid form. It fuses at 40^, boils at 
no^, and burns with a very smoky flame. It is insoluble in water, but 
soluble in alcohol and in ether ; it dissolves fats and oils, and is a useful 
solvent of wax, caoutchouc, gutta percha, and numerous resins. 

When benzole is exposed to sunlight in contact with chlorine, it produces 
a crystalline chloTohenzole,=^Q>^^^\-^ and a })romohenzole,-=.{u^^^v^, may 
be similarly obtained. With anhydrous sulphuric acid benzole produces a 
crystallizable compound, which, acted upon by water, yields sulfpTiohenzide, 
= 0^3115802, in which therefore an atom of hydrogen is replaced by an atom of 
sulphurous acid: sulphohenzolic «ac?,=Ci2H.S03+H0,S03 is at the same 
time formed ; but amongst these reactions, those with nitric acid are the most 
interesting. If benzole is gradually added to red fuming acid, gently heated, 
there is a considerable action, and on diluting the product, a heavy yellow 
oil separates, which is nitrohe7izole,=Q^^fi^ ; it boils at 415° and may 
be distilled without decomposition ; it smells like bitter-almond oil, tastes 
sweet, and is used by perfumers and confectioners under the name of essence 
of Mirhane, or bitter almonds. When an alcoholic solution of nitrobenzole 
is mixed with caustic potassa, and distilled, a red oily liquid passes over, 
which deposits crystals of azohenzole {Q^^^) ; the liquid contains aniline. 
By the action of a mixture of nitric and sulphuric acids upon benzole, a 
crystalline product, hinitrohenzole^ is obtained, = Ci2H408N3. In these 
derivatives of benzole, one and two atoms of its constituent hydrogen are 
respectively replaced by one and two atoms of NO4 (p. 620). 

Carbolic Acid. Phenol^ Phenylic or Phenic Acid {O^^fi^^^'KOjQ^^ 
H5O).— When those portions of the acid of coal-tar which distil over between 
300^ and 400^, are mixed with a strong and hot solution of caustic potassa, 
a crystalline mass is obtained, which is resolved by the action of water into 
a light oil, and a heavy alkaline liquid ; when the latter is neutralized by 
hydrochloric acid, the impure carbolic acid separates in the form of a light 
oil : it requires to be distilled off chloride of calcium, exposed to a low tem- 
perature, and freed from the remaining liquid. The pure acid forms a color- 
less deliquescent crystalline mass, which fuses at 95°, and passes into vapor 
at 310°. It has a smoky odor, an acrid taste, and the antiseptic properties 
of kreasote. It is much used as a deodorizer. It does not redden litmus, 
but produces a transient greasy stain upon the paper. Its sp. gr. is 1*062. 
When heated in a sealed tube with ammonia it yields aniline and water : 
(C^gHeO^-f NH3=C,2Hy]S[-f 2H0). When carbolic acid is distilled with 
perchloride of phosphorus, one of the results is chloride of phenyle (C^gHjCl), 
a fragrant liquid, boiling at 2'7'I°, and a crystallizable phosphate of phenyle 
is- at the same time formed. A numerous class of substitutional phenylic 
compounds, in which chlorine, bromine, and nitrous acid replace one or more 
of the hydrogen atoms, has also been formed ; they mostly constitute mono- 
basic acids, and many of their salts are of a definite character. 

Parafeine (CH) {parum affinis) was originally discovered by Reichen- 
bach, among the products of the distillation of wood-tar, but it has more 
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recently been abundantly obtained from the oils derived from tbe distillation 
of bituminous schists, and other bituminiferous minerals : it exists in large 
proportion in some petroleums : it is also contained, in small quantities, in 
common coal-tar. It is a crystalline solid, without taste, smell, or color. It 
is not greasy, its sp. gr. is about 0'8T ; it melts at 112°, and may be dis- 
tilled over unchanged at a higher heat. Its name is derived from its inert- 
ness, or want of affinity, for it resists the action of acids, alkalies, chlorine, 
and potassium; but it unites by fusion with stearine, cetine, wax, and resin, 
and dissolves in naphtha, benzole, and oil of turpentine: it is soluble in hot 
ether, but the solution concretes on cooling ; it also separates in crystalline 
flakes from its solution in hot alcohol. The density of its vapor and its 
true composition have not been satisfactorily determined, but it is a hydro- 
carbon of the olefiant type. The substances known as Fossil wax, and tal- 
low, Ozoherite, and Hatchetine, which occur in the coal-formations, closely 
resemble parafifine. 

The product known as Paraffine Oil is one of the associated hydrocarbons 
contained in the least volatile portions of the bituminous oils. Together 
with paraffine it is largely obtained from the bituminous schists accompanying 
the coal-measures at Bathgate, near Edinburgh, and known under the name 
of Boghead Cannel. This valuable substance yields nearly three-fourths its 
weight of volatile matters, leaving an aluminous ash, and only about 6 per 
cent, of carbon. Paraffine has been applied to the manufacture of candles 
as a substitute for wax, and paraffine oils are burned in lamps and used for 
greasing machinery. 

Pyroxanthine (Cg^HgOJ is a yellow crystalline solid, which was dis- 
covered by the late Mr. Scanlan, as a product of the reaction of potassa on 
wood-spirit. It is insoluble in water, but is dissolved by boiling alcohol. 
The crystals melt at 291°. Its most remarkable property is that of forming 
a rich purple compound with strong sulphuric acid, which slowly becomes 
blue and black. 

Wood Tar. When wood is subjected to destructive distillation as in the 
process for the manufacture of gunpowder, and of pyroligneous acid, a large 
quantity of tar is among the products, from which, as well as from common 
Stockholm tar, a variety of hydrocarbons and oxyhydrocarbons may be ob- 
tained. The processes, by which these are separated and purified, are mostly 
tedious and complicated ; they have been especially described by Reichen- 
bach. Paraffine is amongst them ; but he has also discovered several other 
definite compounds, such as kreasote, eupion, kapnomorj pittacalj picamar, 
and cedriret. 

Kreasote (xpsa?, flesh, o^q^co, to preserve) appears to be the principal 
source of the peculiar odor and of the antiseptic and preservative qualities 
of wood-smoke. When properly purified it is a colorless oily-looking liquid 
of great refractive and dispersive power, of a penetrating smoky odor and a 
burning taste : its sp. gr. is about 1*04; it remains fluid at n° ; it burns 
with a sooty flame ; is sparingly soluble in water, and is neutral to test-paper. 
It dissolves readily in alcohol, ether, benzole, and acetic acid ; and forms a 
crystalline compound with potassa. It coagulates albumen ; and a solution 
of it, containing not more than 1 per cent., preserves meat from putrefac- 
tion. The efficacy of crude pyroligneous acid, as a preservative of provi- 
sions, and the peculiar smoky flavor which it confers upon them, appear to 
be due to kreasote. It is an irritant poison when undiluted, but when largely 
diluted it has been found effectual in checking vomiting, and as an applica- 
tion in toothache for the destruction of the nerve. It appears to be closely 
related to phenic (carbolic) acid, and the formula Q^q^I^qO^ has been assigned 
to it. 
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EupiON is a light oil of a peculiar greasy character (svy and rtlcovy greasy) 
resembling paraffine oil. It has the formula C^Hg, and is regarded by Frank- 
land as hydride of amyl, C^o^^^^.H. Kapnomor (xartvos, smoke^ ^otpa part) 
is a pungent oil, sp. gr. 0*9. The formula CgoH^iOg has been assigned to 
it. Pitaeal is characterized by affording a blue color with baryta- water. 
Picamar appears to be the Utter principle of wood tar, and is contained in 
the heavy oil. Cedriret is a crystallizable product, soluble in kreasote, but 
insoluble in water and alcohol. 

Picric Acid. Carhazotic Acid{Q^^J^O^^O,'KO). — This is a solid acid, 
crystallizing in yellow prisms, of an intensely bitter taste. It may be 
procured by the reaction of nitric acid at a high temperature on silk, indigo, 
salicine, aniline, or oil of tar. This oil is now the principal source of the 
acid. The crystals are deposited from the boiling solution. They require 
purification. The crystals are not very soluble in water, but they give to 
the solution a deep yellow color. The solution stains organic matter, and 
has strong dyeing properties. The acid is more soluble in alcohol and ether. 
The crystals are decomposed by heat, and, when suddenly heated, with 
explosion. The picrate of potassa is very sparingly soluble in cold water, 
so that this acid is sometimes used as a test for potassa. 
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ESSENTIAL OILS. CAMPHOR, RESINS. AMBER. CAOUT- 
CHOUC. GUTTA PERCHA, 

Essential Oils. 

The essential or volatile oils may be regarded as the odorous principles of 
vegetables, and are generally obtained by distilling the plant with water, 
either in its fresh, salted, or dried state. In some cases the oils are pressed 
out of the cellular structure, as from orange and lemon peel. They are 
obtained from all parts of plants, though usually most abundant in the leaves 
and flowers ; and they sometimes differ in different parts of the same plant ; 
thus, with regard to the orange-tree, the leaves, flowers, and fruit, each yield 
a distinct oil. Some of them are so delicate and evanescent as to require a 
peculiar mode of treatment, such as those of the flowers of jasmine, tuberose, 
narcissus, mignonette, &c. : these flowers are stratified with layers of cotton, 
or wool, imbued with some inodorous fixed oil, which absorbs the perfume 
of the flowers. When the oil is saturated with the essence, it is digested in 
alcohol, which abstracts the essential from the fixed oil, and an odoriferous 
essence is obtained. Sometimes the cotton is distilled with water or alcohol 
to separate the odorous essence, but the fragrance is always more or less 
impaired by these processes. (See Piesse, On Perfumes,) 

The essential oils are applied to many useful purposes ; some in the manu- 
facture of paints and varnishes, some for burning in lamps ; others in pharmacy 
and medicine, and others in perfumery. They are mostly ready formed in 
the plant, but they are in some cases generated by the action of water upon 
peculiar principles, as in the production of bitter-almond oil ; and there are 
a few instances of their artificial production, as in that of oil of spirae, by 
the oxidation of salicine. When fresh and pure, these oils are mostly colorless 
or nearly so; a few are green or blue, and some after having acquired color, 
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lose it under the influence of light. Their odors resemble those of the plants 
yielding them, but are less agreeable, partly in consequence of concentration, 
for they become more pleasant when dififused in the air, or attenuated by 
solution in some inodorous vehicle. Their odors are also influenced by their 
chemical relations to air and water : there are some, such as those of turpen- 
tine, lemons, and juniper, which, when distilled off quicklime, out of contact 
of air are nearly inodorous, but which acquire their characteristic odors 
when spread upon paper. 

The sp. gr. of the essential oils fluctuates between 0*840 and 1*100, and 
when subjected to a careful fractional distillation, they are mostly resolvable 
into products differing in sp. gr. and in composition ; one of which is 
frequently a hydrocarbon, and the other an oxyhydro carbon, which is some» 
times concrete, constituting a species of camphor (p. 569). The terms 
elaioptene and stearoptene have been applied to these liquid and solid pro- 
ducts (from e-kaiovj oil, or cfs-lap, fat^ and fttfjvb^f volatile). Their boiling 
points are very variable, and so are the temperatures at which they congeal, 
these being often dependent upon the relative proportions of their component 
oils. They are sparingly vsoluble in water, to which, as in the medicated 
waters of the Pharmacopceia, they communicate odor and flavor ; most of 
them are copiously soluble in absolute alcohol and in ether, and in fixed oils 
and liquid hydrocarbons. In consequence of the high price of many of 
these oils, they are sometimes adulterated with alcohol, with fixed oils, or 
with cheaper essential oils. Alcohol may generally be separated by shaking 
the adulterated oil with water, and its quantity appreciated by the diminution 
in the bulk of the original oil ; it may also be abstracted by fused chloride 
of calcium. Moreover the pure volatile oils dissolve, for the most part, in 
the fixed oils, without interfering with their transparency ; but when adul- 
terated with alcohol they produce turbidness. The admixture of d. fixed oil 
is shown by the greasy stain which remains on evaporating a drop of the oil 
before the fire, from a piece of blotting-paper : some of the genuine oils 
leave a stain, but it is rather resinous than greasy, and admits of being 
written upon with a pen and ink, or removed by alcohol ; the feel of the oil 
between the finger and thumb is also greasy, and when it is distilled with 
water, the fixed oil remains in the retort. The adulteration of a high priced 
with a cheap essential oil is often difficult of detection, and requires experi- 
ence in the odor and qualities of the genuine article. When oil of turpentine 
is so used, its characteristic odor is often covered, until the adulterated oil 
is dissolved in a little alcohol, and water, added, when the odor and flavor 
of the turpentine are manifest. The taste of the oil in these cases is often 
a good guide ; oil of lemons is frequently adulterated with turpentine, but 
its taste is very different from that of the genuine oil. The difference 
between the indices of refraction of the adulterated and genuine oils has 
been proposed as a means of detecting falsifications, and Dr. Wollaston 
suggested an instrument for the purpose {Phil. Trans., 1802) ; but the 
refractive power of the genuine oil varies too much to render this method 
satisfactorily available. 

The action of chlorine, bromine, and iodine upon the essential oils, gives 
rise to an infinity of new compounds, resulting from the substitution of one 
or more atoms of these elements, for a corresponding number of the hydro- 
gen atoms of the oil ; and in some cases, direct combinations ensue. With 
some of them iodine causes falmination. Nitric acid acts violently upon 
most of them ; they are more quietly decomposed by sulphuric acid. They 
are not saponifiable by the alkalies. When their vapors are passed over 
heated potassa, or soda, hydrogen is sometimes evolved, and an acid com- 
pound with the base is formed. 
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For the purpose of chemical description, the essential oils may be arranged 
under three divisions; 1. Those composed of carbon and hydrogen ; 2. of 
carbon, hydrogen, and oxygen ; 3. those containing sulphur. 

1. Hydrocarbons. — The elementary composition of this group may be 
represented by C^H^: it includes many isomeric compounds of which oil of 
turpentine may be assumed as the type. Oil of turpentine C^oH^g {camphene ; 
camphyle)^ is obtained by distilling the turpentine of commerce, with water. 
There are many varieties of turpentine ; but that principally resorted to as 
a source of the oil, is derived from different species of pinus, and chiefly 
imported from North America. The first product is purified by redistilla- 
tion. The original turpentine is thus resolved into the volatile oil, and into 
residuary resin ; which, when retaining a portion of water, is known as yellow 
rosin; or, as colophony, after fusion at a higher temperature. 

Oil of turpentine^ or turps, as the common oil is usually called, is a color- 
less and very mobile liquid; sp. gr. 0*865, boiling at 312°, and yielding a 
vapor of the density of 4*764 (p. 51t). It has a characteristic odor, a hot 
pungent taste, and burns with a large sooty flame: it is almost insoluble in 
water, but soluble to some extent in alcohol and in ether. Under the name 
of Camphene it was at one time largely used as a source of- light, and when 
carefully burned in a properly constructed lamp, gives a brilliant light ; but 
if the oil is not fresh, and has been exposed to air, it clogs the wick, and 
smokes. Its use has lately been superseded by roch-oil and other modifi- 
cations of naphtha. 

When oil of turpentine which has been agitated with water is kept for 
some time at a temperature of 120^, it deposits crystals=CaoH36-f HO. 
When the oil and water are left together at common temperatures, another 
hydrate, = C3oH^g,6HO, is produced. A crystalline compound of hydro- 
chloric acid and oil of turpentine has long been known under the name of 
artificial camphor ^=^Q,^^^-\'HQ\. Corresponding hydrobromates and hy- 
driodates have also been formed. The decomposition of these, and other 
terebinthic compounds, has led to the discovery of several isomeric hydro- 
carbons, principally distinguished by their action on polarized light, some 
causing left-handed and others right-handed rotation of the ray. Oil of 
turpentine is a great solvent of ozone. When exposed to air it absorbs 
oxygen and acquires some of the properties of ozone. Thus it will bleach 
organic colors (p. 103). 

The oils of lemon, her gamot, orange, juniper, and many others, are iso- 
meric with turpentine oil. 

2. OxYHYDROCARBONS. — The essential oils containing oxygen are very 
numerous, and include Camphor and its modifications. Bitter-almond oil 
and Spircea oil are elsewhere noticed, and there are others which have been 
the subjects of minute investigation. Some of these, when distilled, are 
separable into a more volatile hydrocarbon and a less volatile oxyhydrocarbon, 
but the nomenclature applied to these compounds- is often confused and 
unsatisfactory; in some cases a hydroeai'bon, and in others an oxyhydrocarbon, 
having been assumed as the radical of the series. 

Oil of Cumin, for instance, may be resolved into a hydrocarbon =02oH^4, 
which has been called (7y wo/, and an oxyhydrocarbon = C2oH^303 called 
Cuminol, But cuminol has also been represented by the formula CgoH^^ 
O^+H, and has been described as a hydride of a radical called Cumyle Cgo 
HiiOg. Oil of Aniseed \% similarly separable into a hydrocarbon, isomeric 
with oil of turpentine, and an oxyhydrocarbon (the concrete portion of the 
oil), CgoHiaOg; but this is sometimes represented as containing a radical — 
CjgHyO^, to which the term anisyl has been applied, and from which a volu- 
minous series of substitution and other compounds has been obtained. 
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Analogous radicals or bases have been obtained from many of the other 
essential oils, or have been assumed as existing in them ; and it has often 
been found convenient in theory, to represent the oils as hydrides of these 
radicals; thus, oil of cinnamon is represented as a hydride of cinnamyl, by 
the formula C^gHyOg+H, another of its products, cinnamic acid^ being C^g 

Camphor (CgoHjgOg).— Common camphor is the produce of the Laurus 
Gamphora of Japan, China, and Java. It is extracted, by distillation with 
water, from the roots and wood of the tree, and refined by sublimation. It 
is tough, white, translucent, of a peculiar odor and flavor, and evaporates at 
ordinary temperatures, gradually subliming in close vessels, and attaching 
itself, in hexahedral and prismatic crystals, to the surface most exposed to 
light. Its sp. gr. is 0*98^ to 0*996 ; but after long immersion in water, this 
is so affected by changes of temperature, that this substance floats on water 
above 50^, but sinks at a lower temperature. It fuses at 310^, and boils at 
400°, when it may be distilled without decomposition. When a clean frag- 
ment is placed upon water, it acquires a peculiar rotatory motion : it requires 
about 1000 parts of water for solution, but is very soluble in alcohol, ether, 
chloroform, acetone, acetic acid, and sulphide of carbon. It burns with a 
white smoky flame. 

By the protracted action of hot nitric acid camphor is converted into 
camphoric acid, CgoH^gOg or 2(E[0)C2oH^406, which crystallizes in acicular 
prisms, rendered anhydrous by sublimation, and sparingly soluble in water. 

A variety of camphor known as Borneo camphor , the produce of the Dry- 
ahalanops Gamphora, contains two equivalents more of hydrogen than com- 
mon camphor : it is associated with a hydrocarbon (Borneen) = C2oII^8, iden- 
tical, therefore, with oil of turpentine. Camphor is contained in several of 
the essential oils ; and substances resembling it are found in the Inula Hele- 
nium, in Assarahacca, and in some of the Anemones. 

3. Essential Oils containing Sulphur. — There are several essential 
oils which contain nitrogen and sulphur, amongst which the oil of black 
mustard-seed, garlic, assafoetida, and horseradish are the most remarkable. 

Oil of Blach Mustard-seed. — To obtain this oil, the cake of the seed, after 
the fixed oil has been expressed, is made into a paste with water, which after 
some hours is subjected to distillation, in the sauie way as bitter-almond oil 
is distilled from the almond-cake. As, in that case, the oil is formed by the 
action of emulsine upon amygdaline in the presence of water, so in this in- 
stance, the volatile and pungent mustard-oil is formed by the action of a sub- 
stance analogous to emulsine, which has been termed myrosine, upon a pecu- 
liar substance existing in the black mustard-seed, and which has been termed 
myronic ccid, sidphosinapisine, and sinapine. The oil which first passes over, 
when dehydrated by means of fused chloride of calcium, is an acrid, color- 
less liquid, soluble in alcohol and ether : it boils at 290°, and the density of 
its vapor is 3-44. Its ultimate elements are CgH^NSg; so tliat it has been 
regarded as the sulphocyanide of a hydrocarbon, =C(.H5, to which the term 
A^llyl has been applied, and which has been isolated by the action of sodium 
upon iodide of allyl (C^H-I). This iodide, under the name of iodized pro- 
pylene, w^as obtained by Berthelot {Ann. Gh. et Ph., xliii. 25*7) as a result of 
the action of biniodide of phosphorus upon glycerine : it has been assumed 
as the basis of numerous derivatives, included in what has been termed the 
allyle series. 

Oil of Garlic is a fetid sulphuretted product, which appears to consist of 
oxide and sulphide of allyle (CeHsO-fCyH-S), both of which have been 
isolated. 
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Resins. 

These substances are found as proximate constituents of many plants : 
tliose which have been principally examined are such as either flow naturally 
from fissures in the bark or wood, or are obtained from incisions in the trees 
and shrubs which produce them. They are almost always in the first instance 
mixed with variable proportions of essential oil, which either evaporates on 
exposure to air, or becomes resinified by the action of oxygen. Mixtures 
of essential oil with resin are called balsams. The gum resins are natural 
mixtures of gum and resin. 

Resins when pure are inodorous ; a few of them are crystallizable ; they 
are usually pale yellow or brown ; and they become electric by friction. 
The greater number of them are heavier than, and insoluble in water, and 
have little taste. They are generally softened, or even fused, when boiled in 
water. In the air they melt and burn with a sooty flame. They are thus 
distinguished from gums. When subjected to dry distillation, they yield 
resin-oil, volatile liquids, and inflammable gases. 

Many of the natural resins are mixtures of two or more resinous sub- 
stances, separable by the action of alcohol. There are many of them which, 
when in alcoholic solution, redden litmus, and combine with alkalies ; others 
are indifferent, and some have been regarded as basic. 

Gum resins are variable in composition, and often include volatile oils : 
they are not entirely soluble either in alcohol or in water, but form milky 
mixtures with the latter. 

There are a few of the resins, and their allied substances, which require 
especial notice. 

Colophony; Common rosin.-— -This is the residue of the distillation of tur- 
pentine (p. 568). It is brittle, tasteless, of a smooth shining resinous frac- 
ture ; sp. gr. 1-080 ; softens at about 180^, and fuses at 275^. According to 
Unverdorben, it includes two distinct acid resins, which he designates pinic 
acidj and silvic acid, the former preponderating. As respects the composi- 
tion of these acids, it appears that they are isomeric^ and have the formula 
ascribed to colophony (C4oH2g03,HO). 

Silvic acid is obtained by mixing an alcoholic solution of colophony with 
an alcoholic solution of oxide of copper, drying the precipitate, and digest- 
ing it in alcohol, which dissolves the silvate, but leaves the pinate of copper. 
Sulphuric acid is added to the alcoholic solution, and it is then precipitated 
by water, which throws down silvic acid, and which, dissolved in alcohol, 
yields crystals on evaporation, 

Pi7iic Acid When pinate of copper is dissolved in boiling alcohol acidu- 
lated by hydrochloric acid, and water is added to the mixture, pinic acid is 
precipitated, in the form of a colorless resin. This substance is not crystal- 
lizable, but in other respects resembles, silvic acid. The pinates are less 
soluble in ether than the silvates, and pinate of magnesia is insoluble in 
alcohol, whereas the silvate is soluble. 

When colophony is heated somewhat above its point of fusion it acquires 
a dark color, and is less easily soluble in alcohol : in this state it has been 
called colopholic acid. Distilled over an open fire, colophony is resolved into 
carbon, water, and colophene; there is also formed a liquid hydrocarbon = 
CjoHg, having the properties of terehene. But these products vary with the 
mode of distillation, for Fremy represents them as consisting of water^ 
together with a thick yellow oil, which he terms resineine, and represents 
as = C4oH2803; and by distilling in the same way, a mixture of 1 part of 
resin and 8 of powdered quicklime, he obtained two liquids, which he calls 
resinone^ — Q^^^O, and resineone^^Q^^^Q, carbonic acid being at the same 
time formed. 
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A resin isomeric with colophony is obtained from the turpentine of the 
pinus maritimaj and has been distinguished as pimaric acid. All these 
resins readily combine with the alkalies, and enter largely into the composi- 
tion of common yellow soaps. 

JElem% Animej Bandar ac^ or juniper resin, and Mastic, each contain two 
distinct resins, separable to a great extent by the alternate action of cold and 
hot alcohol, and differing slightly in composition (Johnston, Phil. Trans., 
1840). Guaiacum is a greenish resin, which gives a gray powder, becoming 
green by exposure to air, and acquiring a fine but transient blue by the action 
of nitrous ether. Aqueous chlorine renders guaiacum green, blue, and 
brown. Paper imbued with tincture of guaiacum becomes blue in the more 
refrangible spectral rays, but reverts to greenish yellow in the less refrangi- 
ble rays. It is used for a test for ozone. 

Copal, the resin of the Hyniencea verrucosa, is characterized by its difficult 
solubility in alcohol ; but when powdered and exposed for some months to 
the air, it becomes more soluble. It is the basis of some excellent varnishes, 
and is generally fused before it is dissolved in oils or spirit. Lac is also a 
valuable ingredient of varnishes, rendering them, like copal, tough and 
durable: its secretion appears to depend upon the puncture of a small insect 
(the Coccus Jicus), made for the purpose of depositing its ova, upon the 
branches of several plants growing chiefly in India, more especially the 
Ficus Indica, Ficus religiosa, and Rliamnus Jujuba. The twig soon becomes 
incrusted with a dark reddish substance, constituting stich-lac, which, when 
washed and coarsely pulverized, forms seed-lac; and this, formed into thin 
plates by fusion, is called shell-lac; it consists of about 90 per cent, of a 
peculiar resin, which appears to be a mixture of three or four distinct resinous 
products. Lac is an important ingredient in varnishes and lacquers, and 
is largely used in the manufacture of hats, and of sealing-wax. 

lied sealing-wax is made by carefully fusing a mixture of 48 parts of shell- 
lac, 19 of Venice turpentine, and 1 of Peru balsam, to which 32 parts of 
finely-levigated cinnabar and some sulphate of lime are afterwards added. 
In the cheaper kinds of red sealing-wax, red lead is substituted for vermilion, 
and there is a large addition of common rosin, which causes the wax to run 
into thin drops when fused. Black sealing-wax is made of 60 parts of shell- 
lac, 10 of Venice turpentine, and 8 of finely levigated ivory-black. 

Var7iishes. -—ThQ principal substances used in varnishes as solvents are the 
oils of nuts, linseed, and turpentine, as well as alcohol, ether, chloroform, 
and benzole. The solids employed are amber, copal, mastic, sandarac, lac, 
anime, benzoin, and colophony. They are sometimes colored with various 
vegetable coloring principles. 

Asphaltum is an ingredient in Japan or hlach varnish, and caoutchouc in 
those which are required to be elastic and waterproof. The best photo- 
graphic varnish is a solution of amber in chloroform. The characters of a 
good varnish are, that it should firmly adhere to the surface to which it is 
applied, that it should not change color or lose lustre, by exposure to 
light and air ; and that it should not be long in drying. Varnishes are dis- 
tinguished as spirit and oil varnishes; the former are the most brilliant, but 
most brittle, the best spirit varnishes being those containing lac or copal. 
The article known as French polish is an alcoholic solution of shell-lac, a 
little linseed oil being added at the time of its application : it is laid on by 
a ball of cotton-wool, and then rapidly rubbed in the direction of the fibres 
of the wood : it is ultimately finished off, after drying, by friction with tripoli 
and oil. The varnishes prepared with oil of turpentine, are less brittle than 
those in which alcohol only is used. 

Amber.— This substance, usually regarded as a fossil resin, is chiefly 



6T2 SUCCINIC ACID. CAOUTCHOUC. 

brought from the Southern coast of the Baltic, where it is thrown up on the 
beach ; it is found on the coast of Norfolk ; it also occurs in beds of brown 
coal. It is generally of a peculiar yellow color, transparent or translucent, 
slightly heavier than water, and becoming electric by friction. It is only 
soluble to a small extent in alcohol and in ether. Subjected to dry distilla- 
tion it fuses, giving off water, oily matters, and succinic acid ; the latter 
derived apparently from the decomposition of that portion of resin which is 
soluble in ether; and the oils, from the insoluble and apparently bituminous 
part. Sixteen ounces of amber, carefully distilled, yield about an ounce of 
impure acid, three ounces of oil, and ten of a torrefied resin, fit for the pre- 
paration of varnish. 

Succinic acid, 2(H0),C8H40g, is a product of the action of nitric upon 
stearic acid. It is also formed by fermentation, from asparagine, and from 
malic acid. It crystallizes in rhombic plates, soluble in five parts of cold, 
and two of boiling water ; it may be obtained anhydrous, by distillation with 
anhydrous phosphoric acid ; if the crystals are heated to 450°, they lose a 
portion of their water, and a monohydrated acid sublimes. The succinic, is 
a very stable acid; it resists the action of chlorine and of boiling nitric acid. 
When fused with caustic potassa it yields oxalic acid, and an inflammable gas. 
The soluble succinates produce a bulky reddish-brown precipitate in the 
neutral and basic salts of peroxide of iron, and they have been used as a 
means of separating it from oxide of manganese. When heated with bisul- 
phate of potassa, they give a sublimate of succinic acid. 

Suberic Acid, C^gHj^Og, is one of the products of the action of nitric acid 
on oleic acid (p. b11) ; it was originally produced by the action of nitric acid 
upon cork. When pure, it is a difficultly soluble crystalline powder ; suhev" 
ates of the alkaline bases are soluble ; they give white precipitates with the 
salts of lead and silver, —^(M.O,)Q^^^fiQ. 

Caoutchouc {Indian Rubier, Gum Mastic), was first brought to this 
country at the beginning of the last century, moulded into the shape of 
bottles and animals, and used for rubbing out pencil marks: it has since 
been applied to a variety of important purposes, and many tons of it are 
annually imported from South America and the East Indies. The trees 
which yield it are the Jatropha and Vrceola elastica, and several others, and 
it is found in small proportion in the poppy, lettuce, euphorbium, and other 
plants having a viscid milky sap. The fresh juice of the tree is a yellow, 
milky fluid, which, when exposed to warm air, forms an elastic deposit, re- 
taining albumen and other impurities which are found in the commercial 
article. This is frequently of a dark color, and has a sp. gr. varying from 
0*926 to 0*960. Pure caoutchouc is a hydrocarbon, being, according to 
Faraday, CgH^, although other authorities give it C^H^; thus making it 
isomeric with oil of turpentine. The remarkable elasticity of this substance, 
and its chenaical peculiarities, have led to a multitude of important applica- 
tions of it in the industrial arts. (Hancock on Caoutchouc^ &c. : Mus- 
PRATt'S Chemistry, Art. Caoutchouc, &c.) 

In its ordinary state it becomes hard at low temperatures, but never 
brittle ; it is soft and very elastic when warmed ; and when heated to about 
260^, melts into a viscid mass, which never regains its former characters. 
It burns with a smoky flame and exhales a peculiar odor. Subjected to de- 
structive distillation, it affords a mixture of various hydrocarbons, gaseous 
and liquid ; the latter, under the name of Caoutchine CgoHig, having a pecu- 
liarly penetrating, greasy, and disagreeable odor. Caoutchouc is insoluble 
in water, alcohol, dilute acids, and alkalies. Ether, chloroform, bisulphide 
of carbon, rectified oil of turpentine, benzole, coal-naphtha, and some other 
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hydrocarbons, soften and dissolve it; some of these solvents leaving it on 
evaporation in its elastic condition. In this dissolved state, it is extensively 
used for vrater-proofing and other purposes. The processes by which the 
commercial caoutchouc is purified, kneaded, moulded into blocks, cut into 
sheets, ribbons, and thread, are almost exclusively mechanical, but are neces- 
sary preliminaries to its most important applications, many of which are de- 
pendent upon a process which has been termed Vulcanization, and which 
consists in subjecting it, by heat or solution, to the action of sulphur. By 
this process it becomes so far modified as to resist the action of its ordinary 
solvents, and of the greasy oils, and to retain perfect pliancy and elasticity at 
the low temperatures which harden, and at the high temperatures which soften 
common India rubber. When a sheet of rubber is immersed in melted sul- 
phur, it absorbs a portion of it, without any material change ; but if heated 
in this sulphurized state, to about 300^, the vulcanization is effected. So 
also if sulphur is added to the solution of the rubber in turpentine or naph- 
tha, it retains it ordinary properties after the evaporation of these solvents, 
until heated to the vulcanizing temperature (2ifOO to SOOO). Sulphur is 
sometimes imparted to rubber by dipping it in thin sheets into a solution of 
chloride of sulphur. A hard compound of sulphur and rubber is called 
lilhonite. 

The cause of the change effected by vulcanization is not well understood ; 
but it is generally supposed that the rubber retains about two per cent, of 
sulphur in chemical combination, inasmuch as all beyond that quantity may 
be removed by appropriate solvents. It has also been surmised that the pro- 
cess of vulcanization has conferred an allotropic condition upon the rubber, 
and that the whole of the sulphur may be withdrawn, still leaving it in its 
altered condition (p. 54). The removal of sulphur is effected on the large 
scale, by boiling the vulcanized rubber in a solution of sulphite of potassa. 
A large quantity of silicate of magnesia, in fine powder, is sometimes incor- 
porated with the rubber before vulcanization, to give it a smooth and non- 
adherent surface. An article known as marine glue is made by dissolving a 
mixture of caoutchouc and shell-lac in coal-naphtha: it is of extreme 
adhesiveness. 

GuTTA Percha, in composition and in its general chemical characters, is 
closely allied to caoutchouc : it was first brought into notice in 1846, and has 
now become an important article of commerce : it is the produce of the Ison- 
andra percha^ a forest tree abounding in the islands of the Eastern Archi- 
pelago. It is a tough, unyielding, fibrous substance, generally met with in 
black or brown masses. When immersed in boiling water, it softens, and 
admits of moulding into any requisite shape, but hardens again on cooling. 
It becomes powerfully electric by friction, and is an excellent insulator. Ifc 
is applied to a variety of useful and ornamental purposes, in many of which 
it is advantageously substituted for leather. 

Gutta percha consists of a distinct principle, guita, associated with two 
resinous compounds. The gutta is represented by the formula O^oHgg, and 
is a pure hydrocarbon. The resins have the same formula, with an addition 
of two and four atoms of oxygen respectively. 
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FATS AND FIXED OILS. PRODUCTS OF THEIR DECOMPO^ 
SITION. SPERMACETI. WAX. SOAPS. 

Fats and Fixed Oils. 

These substances are common to animals and vegetables 5 they vary in 
consistence from thin oil (olive oil) to hard fat (suet). When pure, they are 
neutral ; they leave a greasy spot upon paper, which does not disappear 
when moderately heated. They are insoluble in water, but more or less 
soluble in alcohol and ether, and are insipid and inodorous. In vegetables 
they chiefly occur in the seed, and pericarp of the fruit (olive), and are 
generally obtained by pressure, with or without the aid of heat. In 
animals, the adipose cells are easily ruptured by heat, which liquefies and 
expands the fat, so that it runs out and collects upon the water in which the 
crude fat is boiled. The melting points of oils and fats vary from about 20*^ 
to 140^. At high temperatures (500° to 600°) they do not distil unchanged 
but evolve acrid products, and are resolved, at a red heat, into inflammable 
gases and vapors, of high illuminating power. Their specific gravity, which 
is below that of water, varies much with temperature : the sp. gr. for 
instance, of hog's lard at 60° is 0'938 ; in its fluid state at 122° it is 
0-892; at 155o it is O'SSl ; and at 200°, 0*863. Some of these oils are 
little affected by exposure to air, but gradually become rancid ; others absorb 
oxygen, and form a resinous varnish ; "they are known as drying oils ; and 
when their surface is much extended, as in greasy rags and cotton-waste, 
this change is sometimes attended by spontaneous combustion. The drying 
quality of these oils is generally increased by heating them with oxide of 
lead or manganese. 

When the solid fats are subjected to pressure between folds of bibulous 
paper, they afford more or less of fluid oil ; and when the liquid oils are 
cooled to about 32°, they deposit more or less of a concrete matter. The 
liquid portion is termed oleine or elaine Qi%aiovj oz7), and the solid, stearine 
(fffca/j, fcit)j with which a variable portion of margarine (^apyapoi; a pearl, 
from its pearly lustre) is associated, each of these being compounds of a 
distinct fatty acid, with a sweet principle, glycerine {y'kvxvi sweet). These 
acids are the oleic, the stearic, and the margaric ; so that oleine is an oleate, 
stearine a stearate, and margarine a margarate, of glycerine. Besides these, 
many fats contain distinct volatile acids, such as butyric, capric, and caproia 
acids, in butter 5 hircic acid in goat's fat, phocenic acid in fish-oil, &c. 
Oleine may be more or less separated from stearine by ether or oil of turpen- 
tine, in which liquids it is much more soluble than stearine. 

In the process of saponification, the fatty bodies are heated with hydrated 
alkalies, generally with soda, by which they are decomposed, the glycerine is 
set free, and oleates, stearaies, and margarates of the alkaline bases are 
formed. 
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Stearine 



Fat or oil 



f Stearic acid 
\ Glycerine 



Mawtae {^f;S/"^ 



Oleine 



f Oleic acid 
t Glycerine 



These combinations (soaps) are in their turn decomposed by the greater 
number of other acids, and the fatty acids are separated. These acids are 
insoluble in water, but soluble in alcohol and in ether, and are less fusible 
than the original fats. They are soluble in oil of turpentine and in benzole, and 
when free from volatile products, are insipid and inodorous. The soaps of 
alkalies are soluble, but those of the alkaline earths, and of most of the 
other metallic oxides, are insoluble in water ; hence it is that hard waters are 
unfit for washing, in consequence of the earthy salts which they contain, and 
which give rise to the production of insoluble soaps. 

Stearine (G^^^^Bl^^qO^q) (Stearate of Glycerine) is best obtained from mutton 
suet, by boiling it in ether, and filtering the hot solution ; as it cools, it 
deposits stearine, which, after having been pressed in bibulous paper, may 
be purified by a second solution, and crystallization. Its fusing point is 
about 140^. It is insoluble in water, but soluble in boiling alcohol and 
ether, which, however, deposit nearly the whole of it as they cool. 

Stearic Acid (HOjCg^Hg^Og). — When stearine is saponified, it is resolved 
into stearic acid and glycerine, a change which has been represented by the 
following equation :— • 

Cii4HnoO,2 + 6H0, = 0^0^ + 3(HO,C35H3,03) 

> — -.^ — ^ ^- — ^ — .—y ^>. — — ^ * 

Stearine. Glycerine. Stearic acid. 

The acid may be obtained by decomposing a soluble stearine soap by tartaric 
acid, and purifying the product by solution in boiling alcohol, from which it 
separates in crystalline flakes : it may be further purified by solution in ether. 
It is white, inodorous, and tasteless, but it reddens litmus : it fuses at about 
160^, and may be distilled in vacuo, but when highly heated in the air it 
undergoes more or less change. Stearic acid may be distinguished from 
stearine by its ready solubility in a boiling solution of potassa. 

Stearates. — Stearic acid forms monobasic and bibasic salts (neutral and 
acid). The stearates of the alkalies are soluble in water, alcohol, and ether ; 
but when the aqueous solutions of the neutral compounds are largely 
diluted, they deposit flakes of the acid stearate. The stearates of the 
alkaline earths may be obtained by double decomposition, from bistearate 
of potassa : they are insoluble. Stearate of potassa is the basis of soft soap ^ 
and stearate of soda of the principal hard soaps : these stearates are 
separated from their solutions in water by excess of alkali, and also by 
chloride of sodium and some other salts. Stearate of lead is the basis of 
lead-plaster. 

Margarine (C^ogH^o^Oja) (Margarate of Glycerine). — This substance is 
found in some animal fats, but it is best obtained from olive oil, by cooling 
it to 32^, pressing out the oleine, and dissolving the residue in boiling 
alcohol, from which the margarine separates in pearly crystals. It is 
resolved by the alkaline bases into glycerine and margaric acid. 

Margarie Acid (HOjCgJIggOg) is obtained by decomposing the soap of 
olive-oil and potassa, by acetate of lead or chloride of calcium : an insoluble 
margarate and oleate of lead or lime is formed, from which the oleate may 
be abstracted by cold ether ; the remaining margarate may then be decom- 
posed by dilute hydrochloric or nitric acid, when the margaric acid 
separates, and may be purified by crystallization from its alcoholic solution : 
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it fuses at about 140^ ; in other respects it resemble stearic acid, and the 
margarates closely resemble the stearates. 

According to Heintz, margarine is a mixture of stearine and palmitine 
(found in palm-oil)^ and consequently margaric acid is a mixture of stearic 
and palmitic acids. 

Oleine {O^^^I^q^^^ (Oleate of Glycerine).— OIqiuq is the principal ingre- 
dient in the fat-oils which remain fluid at common temperatures. It is 
procured by separating the margarine and stearine from a fat oil, by cold and 
pressure, dissolving the liquid portion in ether, evaporating, and digesting 
the residue in cold alcohol, which dissolves the oleine, aud leaves margarine 
and stearine undissolved. Oleine is colorless, inodorous, and tasteless ; its 
sp. gr. is about 0*9. It is insoluble in water, but abundantly soluble in 
alcohol and in ether. It remains fluid at 82^. 

Oleic Acid (CggHggOg) is obtained by saponifying almond-oil with potassa, 
and decomposing the soap by hydrochloric acid, which separates a mixture 
of oleic and margaric acids : this, by digestion with oxide of lead, is con- 
verted into oleate and margarate of lead, and by digesting these in ether, 
an acid oleate- of lead is dissolved. The ethereal solution is mixed with its 
bulk of water and decomposed by hydrochloric acid, which throws down 
chloride of lead, and leaves the oleic acid in solution, from which it is 
obtained by evaporation. The crude oleic acid, produced by pressure in 
the manufacture of stearine candles, may be similarly purified. 

Oleic acid is colorless, concretes at about 50^, and reddens litmus ; it is 
insoluble in water, but abundantly soluble in alcohol. The neutral oleates 
have little tendency to crystallize. The soluble alkaline oleates are soft 
fusible compounds, more soluble in alcohol than in water, and are decom- 
posed by excess of water, into free alkali, and acid compounds. 

Glycerine (CgHgOe) {yxvxv^, sweet). — This substance was discovered by 
Scheele. It is obtained by boiling hydrated oxide of lead with olive oil 
and water : the solution thus formed, freed from lead by sulphuretted 
hydrogen, filtered, evaporated to the consistency of syrup, and then exposed 
in vacuo over sulphuric acid until it no longer loses weight, leaves the 
glycerine. It is now produced in large quantities by soap and candle-makers, 
and has been applied to many useful purposes in medicine and the arts. 

Glycerine is an uncrystallizable, colorless, neutral, inodorous liquid, of a 
sweet taste, sp. gr. 1-28,. soluble in all proportions in water and in alcohol, 
but nearly insoluble in ether. It does not dry by exposure to air. It 
dissolves baryta, lime, oxide of lead, and many salts. When mixed with a 
solution of caustic potassa, it readily dissolves hydrated oxide of copper, 
forming a deep blue solution, which, however, produces no suboxide when 
boiled. When boiled with a solution of potassa, no glucic acid is produced, 
and the liquid does not become dark-colored like glucose under similar 
circumstances. Sulphuric acid does not carbonize it in the cold ; it is thus 
distinguished from sucrose. When heated in a retort, part passes over and 
part is decomposed, producing the pungent vapors of acrolein; but it may 
l3e distilled without decomposition in a current of superheated steam, at a 
temperature between 400° and 600°. It is not susceptible of vinous 
fermentation, but when left for some months in a warm place, mixed with a 
little yeast, it produces propionic acid. Impure glycerine digested with 
alcohol produces butyric ether. Distilled with dilute sulphuric acid and 
peroxide of manganese, it yields carbonic and formic acids. Mixed with 
twice its weight of sulphuric acid there is considerable elevation of tempera- 
ture, and after the mixture has cooled, if it be diluted, saturated by milk of 
lime, and filtered, it yields, on evaporation, crystals of a salt of lime containing 
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sulpho glyceric acid, = Q^fi^-{-%^0^. A corresponding Phosphoglycerie 
acid is said to exist in the brain, and in yelk of egg. 

In combination with the fatty acids, glycerine produces the various fats 
and oils, but they appear to combine in various proportions : assuming stearic 
acid as CggHg^Og, stearine will be a terstearate of glycerine : — 



Glycerine. Stearic acid. Stearine. 

and oleine a teroleate of glycerine : — 

C6^7^5 + SCCggHggOg) = 



Glycerine. Oleic acid. Oleine. 

and so with regard to other fatty acids. Berthelot has synthetically repro- 
duced the fats by the union of their acids with glycerine, and has pointed 
out the existence of analogous combinations, in which 1 and 2 equivalents 
of the respective acids are similarly combined with glycerine, producing 
distinct fatty bodies {Ann. Ch. et Ph. Seme ser. xli. p. 216). 

Nitric acid decomposes glycerine, and among the products, are oxalic and 
carbonic acids. When glycerine is dropped into equal parts of strong nitric 
and sulphuric acids, a heavy oily-looking liquid is formed, which is called 
nitroglycerine. It is powerfully explosive, and is said to possess strongly 
poisonous properties. It has been sometimes called Glonoine. It is a sub- 
stitution-compound, in which 2 atoms of hydrogen are replaced by 2 atoms 
of nitrous acid. Its formula is therefore (CgHe(N04)30g). 

Actio7i of Sidphuric Addon Fats and Oils. — This acid generally so com- 
bines with the proximate principles of the fatty bodies, as to form a series 
of distinct acid products, such as sulphostearic^ sidpliomargaric, and sid- 
pholeic acids ; the glycerine at the same time yielding sulphogly eerie acid; 
but when sulphuric acid is heated with the fatty bodies, the glycerine is 
decomposed, and the fatty acids are set free. This process is resorted to 
upon the large scale, for the production of the fatty acids for the manufac- 
ture of candles. The tallow is mixed with about a sixth part of oil of vitriol 
in large copper vessels, and subjected to a temperature of about 35 0°, by 
means of highly heated steam ; sulphurous and carbonic acids are abun- 
dantly evolved, in consequence of the action of the sulphuric acid upon the 
glycerine. The liberated fatty acids, after having been well washed, are dis- 
tilled in a current of steam, heated to between 500° and 600° by transmision 
through a red-hot pipe ; the fatty acids are carried over, leaving their impurities 
in the form of a black residue, and are then subjected to pressure so as to 
squeeze out the more fluid oleic portions, and leave the stearic acid in a 
fit condition for candle-making. But the decomposition of the fats by highly 
heated steam only, has lately iDcen carried to such perfection, as not only to 
yield the fatty acids, but also the glycerine, in a very pure state, a process 
which will probably entirely supersede that by sulphuric acid. 

Action of Nitric Acid on Fats a7id Oils. — These products may be divided 
into two classes: 1. Those which are volatile, and pass over in distillation ; 
and 2. Those which are comparatively fixed, and remain in the retort; they 
are as follows : — 



Volatile acids. 


Volatile acids. 


Fixed acids 


Formic 


(Enanthylic 


Succinic 


Acetic 


Caprylic 


Adipic 


Butyric 


Pelargonic 


Pimelic 


Valeric 


Capric 


Suberic 


Caproic 




Sebacic 


3T 
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These products are obtained by gradully dropping oleic acid into a retort 
containing nitric acid, heated to about 130^; violent action ensues, and the 
distillate consists of water holding the most volatile and soluble acids in 
solution, such as formic, acetic, and butyric, covered by an oily layer of the 
valeric and other acids. On pouring off the oil, agitating it with baryta- 
water, and submitting the solution to successive crystallizations, caproate 
of baryta is first obtained — then oenanthylate, caprylate, pelargonate, and 
caprate, and, lastly, valerate. The more fixed acids are dissolved in water, 
and the solution saturated with carbonate of soda : on evaporation, crystals 
of acetate of soda separate, and on adding sulphuric acid to the mother- 
liquor, an oily layer, consisting of butyric and metacetonic acids is formed. 
(Regnault.) There are other modes of obtaining these and the other fixed 
acids, which are elsewhere noticed. 

Butyric Acid (CgHyOgjHO). — Butter includes several fatty bodies {see 
Milk), amongst which are butyrin, caproin, and caprylin, to which its pecu- 
liar smell and taste have been referred : these may be resolved by saponi- 
fication into glycerine, and butyric, caproic, and caprylic acids. Butyric 
acid, obtained by the decomposition of butyrate of lime by hydrochloric acid, 
is a volatile oily body, sp. gr. 0*963, and boiling at 3150.- it has the odor 
of rancid butter, a pungent taste, and is soluble in water, alcohol, and ether : 
its salts are mostly soluble and crystallizable. It is among the products 
of the action of nitric acid upon olein, and of certain oxidizing agents 
upon fibrin or casein, and is found in some fruits. The readiest mode of 
obtaining it is that of Pelouze and Gelis, and is as follows : a solution of 
sugar of the sp. gr. 1*064, is mixed with powdered chalk amounting to 
half the weight of the sugar, and to this a portion of casein or curd is added, 
equal to 8 or 10 parts for every 100 of sugar, and the mixture kept at a tem- 
perature of about 80^; viscous and lactic fermentations ensue, carbonic acid 
and hydrogen are evolved, and after some weeks butyrate of lime is formed 
in the liquor : in this case the lactic acid which is first formed, passes, by 
loss of carbonic acid and hydrogen, into butyric acid. 

2(HO),C,2H,oOio = H0,C8H,03 + 4:C0^+AR 

Lactic acid. Butyric acid. 

Capric Acid (C^oH^gOgjHO) is among the products of the action of nitric 
acid on oleine, and is one of the results of the saponification of butter, but 
it is most readily procured by the oxidation of the oil of Rue by nitric acid 
(GtERHARDt), and has hence been termed Riitic acid. It is obtained pure 
by the decomposition of caprate of baryta by sulphuric acid : it forms 
acicular crystals fusible at 86°, of a sour acrid taste, and goat-like odor. 

Caprylic Acid (HOjC^gH^-Og) is liquid at temperatures above 60°, little 
soluble in water, boils at 258°, and has a nauseous odor. 

Caproic Acid (HOjC^gHiiOg) is a liquid of a sour odor and taste, boiling 
at 390°, and sparingly soluble in water. 

Yaleric Acid (HOjC^oHgOg). — The volatile oil, obtained by distilling 
the root oi valerian with water, is a mixture of a hydrocarbon =CjloH3, with 
an oxygenated oil convertible into valeric acid. This acid has also been 
obtained from angelica root, and from the berries and bark of the Guelder- 
rose ( Viburnum opulus) : it is an occasional product of the oxidation of 
fatty bodies, and is artificially produced by the action of oxidizing agents 
on amylic alcohol {fusel-oil). It is a colorless liquid, smelling strongly of 
valerian, and of a sour pungent taste. It boils at 270°, and the density of 
its vapor is 3*55. It is soluble in about 30 parts of water, but may contain 
20 per cent, of water without losing its oily appearance. The Valerates^ 
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when pure and dry, are nearly inodorous, but generally have a valerianic 
odor and sweetish taste ; they smell strongly of valerian when moistened 
with a dilute acid ; some of them have been used medicinally. Acted upon 
by chlorine, valeric acid furnishes two compounds in which 3 and 4 atoms 
of its hydrogen are replaced by chlorine, the chlorovalerisic and chlorovalerosic 
acids ; and by the protracted action of nitric acid, a part of it is converted 
into nitrovaleric acid^ =HO,CioHgOy]Sr. 

Fixed Yegetable Oils. 

In adverting to the general nature and properties of the oils and fats, we 
may select a few for more special notice ; taking linseed-oil as a specimen of 
the drying oils, olive-oil of the non- drying or greasy oils, and palm-oil of 
the concrete oils or vegetable hutters. 

The drying oils, when exposed to air, gradually assume resinous characters, 
by the absorption of oxygen : the greasy and concrete oils become rancid, 
principally in consequence of mucilaginous and albuminous impurities which 
gradually react upon them ; they boil and are decomposed at about 650°. 

Linseed oil, obtained by expression from the seeds of the Linum usitatis- 
simum, or common flax, remains fluid until cooled down to about 0*^, when 
it gradually solidifies. It is largely used for paints and varnishes, and for 
these purposes its drying quality is increased by heating it with a little 
litharge. It is an important component of Printers'^ Ink, for which it is first 
heated and then set fire to, and allowed to burn for some time, when it is 
extinguished, and the heating continued till a film forms upon it ; in this 
state it is called varnish, and is ' easily miscible with fresh oil, or with tur- 
pentine, or other matters required for thinning or tempering it, and about a 
sixth or eighth part of fine lamp-black is then added. Silk and leather are 
varnished and enamelled with similar preparations of linseed-ojl. Walnut^ 
hemp, and poppy-oil also rank with the drying oils, but are inferior to linseed- 
oil. 

Olive-oil, expressed from the fleshy part of the olive, varies in quality 
according to the mode of obtaining it. What is termed virgin-oil is obtained 
by gentle pressure at common temperatures : it has a very slight nutty flavor, 
and is long in becoming rancid. Its sp. gr. at 60^ is about 0-915 : it con- 
geals at about 36^. This oil is unrivalled for culinary use, and being less apt 
than most other oils to thicken by exposure to air, it is preferred for greasing 
delicate machinery, especially watch and clock-work. In order to prepare 
it for this purpose, the finest and purest cold-drawn oil is first selected : it 
is then cooled, and the more liquid portion poured off from the fatty deposit ; 
a piece of sheet lead or some shot are then immersed in it, and it is exposed 
in a corked phial to sunshine ; a white matter separates, after which the oil 
becomes clear and colorless, and is poured off for use. 

Almond-oil is prepared from sweet and bitter almonds ; the purest is cold- 
drawn, by gentle pressure, from coarsely-powdered almonds : when hot- 
pressed, it has a deeper color, and becomes sooner rancid. 

Colza oil is an inodorous yellowish oil obtained from cabbage-seed {Bras- 
sicooleifera). It has a sp. gr. of '916. 

Oil of Ben, from the seeds of the Moringa aspera, separates soon after 
expression into oleine and margarine ; the former is much esteemed for oiling 
watch- work, as it neither becomes viscid nor rancid ; hence also its excellence 
for certain scented oils, as of jasmine and tuberose flowers. 

Castor-oil is obtained from the seeds of the Micinus communis. This is 
the heaviest of the fixed oils, its sp. gr. being 0'969. It is a thick, viscid, 
colorless oil ; when cooled to 0*^ it congeals into a transparent mass. Although 
not a drying oil, it hardens by exposure to air. It dissolves in all propor- 
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tions of alcohol and ether, and thus differs from other fixed oils. It forms 
a thick tenacious mass when mixed with collodion. It is used as a hair-oil, 
and medicinally as a mild aperient. The products of its saponification are 
peculiar ; and when acted on by nitrous acid it produces a concrete fatty 
substance, the palmic or ricinelaidic acid. 

In the subjoined table we have given the specific gravities of good samples 
of the principal fixed oils : — 



Sperm oil 
Colza 

Olive (flask) 
Olive (jar) 
Olive (cask) 
Almond . 



.8750 Sonthern whale . . -9225 

•9156 Poppy .... -9254 

•9158 Cod-liver. . . . -9285 

•9171 Linseed .... -9362 

•9174 '' boiled . . -9506 

•9214 Castor .... ^9674 



Falm-oil SLud Cocoa-nut oil are good specimens of vegetable butters. Palm- 
oil is chiefly produced from the fruit of the Elais Guineensis; it is orange- 
colored, but admits of bleaching, and has the violet odor of orris-root. It 
is used in the manufacture of soap, candles, and of a composition for greasing 
axles of railway carriages. Cocoa-nut oil^ from the Cocos nucifera, fuses at 
about 70^ ; but its stearine, mixed with a portion of the stearic acid of tal- 
low, forms a good and cheap candle. By saponification it affords several 
distinct acids. Chocolate-nut oil^ expressed from the seed of the Theobroma 
Cacao, gives greasiness to Chocolate^ which is made by torrefying the bean, 
and grinding it into a fine paste in a hot mill or mortar. The varieties of 
cocoa are derived from the same source. Nutmeg butter, the concrete oil of 
the nutmeg, and Laurel-oil, the fat of the bay berry, belong also to this 
class, and when saponified yield myristic and lauric acids, and glycerine. 

Animal fats are generally contained in the adipose membrane or cellular 
tissue, which is chopped up and heated so as to liquefy the fat : the remain- 
ing membranes are rendered crisp by the heat, and when the fat has been 
pressed out of them are sold in the form of flat cakes, called greaves or crack- 
lings, used as a coarse food for dogs, as a manure, and in the manufacture of 
ferrocyanide of potassium. Whale oil, when saponified, yields fatty acids 
and glycerine, and traces oi phocenic acid. Spermaceti- oil deposits the pecu- 
liar white fatty crystalline matter. Spermaceti. The oil itself is an oleate of 
glycerine. It is the lightest of the fixed oils, having a sp. gr. of 0*878. It 
is of a yellow color, and when cooled to about 45° assumes a semi-solid 
state. Spermaceti, or Cetine, when saponified, affords no glycerine, but in 
its place a distinct base termed Ethal, = Q^Jl^fi^. Pure spermaceti (Ce^Hg^OJ, 
fuses at about 120°; its sp. gr. is 0*940; it dissolves in boiling anhydrous 
alcohol and in ether, but falls on cooling. When subjected to destructive 
distillation it is resolved into a liquid hydrocarbon, cetene,=^Q^^^^, and ethalic 
or palmitic acid (CggHg^OgHO,). Ethal fuses at about 118°, and is deposited 
from its hot alcoholic solution in white flakes. When distilled with anhy- 
drous phosphoric acid it yields cetene. When oxidized by the protracted 
action of boiling nitric acid, spermaceti yields succinic, oenanthylic, pimelic, 
and adipic acids. 

Bees^-wax consists, according to Brodie {Phil. Trans., 1847-49), of three 
substances separable by boiling alcohol : namely, of Myricin (CggllggOJ, 
which is insoluble ; Cerin (Cg^H^^O^), which is deposited in crystals as the 
solution cools ; and Cerolein, which is retained in solution. Their relative 
proportions vary, but in ordinary bees'-wax there appears to be about 73 
per cent, of myricin, 22 of cerin, and 5 of cerolein. The Myrica cerifera, 
and some other trees, yield vegetable wax. 
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Soaps. 

Common hard soaps are chiefly made with tallow and soda, they are there- 
fore stearates, margarates, and oleates of soda. The sp. gr. of the solution 
of caustic soda is about 1*15, and is prepared in the usual way by the action 
of lime upon carbonate of soda. When the lye is raised to its boiling-point 
the tallow is gradually added so long as the lye saponifies it, and in this way 
a liquid is obtained, which holds the soap and glycerine in solution : to 
separate the former, common salt is added ; soap being insoluble in brine, is 
thus brought to float upon the surface, and, if the brine is concentrated, the 
soap separates nearly in an anhydrous state ; but as this is not the object of 
the manufacturer, the quantity of salt employed is only such as to effect the 
separation of the soap without dehydrating it. New soap is said to contain 
about 50 per cent, of water, and to retain above 30 per cent, when compa- 
ratively hard and dry. There is, therefore, a manifest advantage to the con- 
sumer in purchasing dry and old soap, while the object of the vendor is to sell 
the soap as humid as possible, and to prevent its desiccation, which is effected 
by keeping it in damp cellars. Soap is sometimes colored, mottled, or 
marbled, by the addition of coloring matters : the mottling is produced by 
oxide of manganese. Sometimes a solution of sulphate of iron is used, 
which being decomposed, causes the diffusion of oxide of iron through the 
soap ; in these cases the mottling is originally black, but becomes red or 
brown upon the exterior of the bars in consequence of the action of the air. 
A considerable quantity of common rosin is added to the yellow soaps of 
commerce. There are also other additions made to soap, some of which are 
supposed to improve its detergent quality ; but, generally speaking, they 
deteriorate the article, and are principally resorted to as adding to the weight 
of the soap by the substitution of cheap materials : sand, clay, fuller's earth, 
alkaline silicates, sulphate of soda, Cornish clay, starch, flour, and many 
other substances, have been employed. 

The soaps known in commerce as Spanish soap and Marseilles soap are 
soda-soaps of olive-oil. Palm-oil and cocoa-nut oil are also largely used as 
sources of soap, and mixtures of these with the animal fats and bone-grease 
are employed as the basis of scented and other toilet-soaps. 

The soaps of potassa are distinguished from those of soda by remaining 
soft. Common soft soap is frequently made with fish-oil. Naples soap is a 
perfumed potassa-soap made with lard. Transparent soap is obtained by 
dissolving soap in alcohol, which is afterwards distilled off, so as to leave a 
soft brown transparent residue, which is dried in moulds or balls. 

When the fats and oils are decomposed by oxide of lead, the resulting 
combinations of the fatty acids with that oxide, is known under the name of 
Zead plaster. (JEmplastrum plumhi ; Diachylon,) 

AcROLEiNE (CqH^O^).. — When the ordinary fatty bodies are subjected to 
destructive distillation, the oleic acid is partially converted into sebacic acid, 
the stearic into margaric acid, and the glycerine into acroleine. When 
glycerine is distilled with anhydrous phosphoric acid, water and acroleine are 
the products, and the latter may be dehydrated by rectification over chloride 
of calcium. Pure acroleine is a limpid colorless liquid, of a highly irritating 
odor, lighter than water, boiling at about 1250, and burning with a bright 
flame ; it is soluble in alcohol and ether, but only sparingly so in water. It 
soon undergoes spontaneous changes, depositing an isomeric white substance, 
disacryle, and a resinoid body ; and when exposed to air, or more especially 
when oxidized by oxide of silver, it is converted into acrylic acid= 
(HO,CgH303), a portion of the oxide being at the same time reduced : 
CeH,0,+3AgO,=(AgO,CeH303) + 2Ag+HO. 
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CHAPTER LII. 

VEGETABLE ACIDS. 

The acids of tbe vegetable kingdom are very numerous as a class. About 
110 are now known. They are for the most part solid and colorless, and 
many are crystalline. They are combined with potassa, soda, or lime, and 
are thus contained as salts in the juices of plants. Some are educts, i. e., 
they exist in the vegetable structure, and are separated by simple processes. 
The tartaric, citric, malic, gallic, and tannic acids, are instances of this class. 
Others, like the pyrogallic, mucic, and picric acids, are products of art. 
These are the most numerous, and their number is annually increasing. 
Others, again, as the oxalic and benzoic acids, are both educts and products. 

The vegetable acids are soluble in water and in alcohol : they form with 
bases, various classes of well-defined crystalline salts. By reason of their 
superior affinity, they sometimes displace mineral acids from their saline 
combinations. Thus oxalic acid separates lime, and the oxides of silver and 
copper, from the solutions of the salts of these bases; and picric acid sepa- 
rates potassa from the salts of that alkali. Tannic acid precipitates the 
salts of lead, antimony, and other metals. This acid generally forms pre- 
cipitates (insoluble compounds) with most of the alkaloids, and separates 
them from their mineral acid combinations. Some of these acids have a 
simple constitution, being formed of three elements COH : one (the oxalic 
acid) is formed of CO only. Others, especially those of artificial origin, 
are much more complex : thus picric, or carbazotic acid, has the composition 
of (Cj2H30(N04)3,H0). When dissolved in water, some, such as the tartaric 
citric, and gallic acids, undergo decomposition, and vegetable mould results. 
Others, such as the oxalic, show no tendency to decomposition. All are 
decomposed by heat in close vessels : some are volatile when heated to a 
moderate temperature in air (benzoic, formic, acetic) ; others are fixed, and 
are decomposed when strongly heated, either being entirely burnt, or leaving 
a residue of carbon. When the salts of these acids are heated in close 
vessels, carbon and a carbonate of the base result. The equivalents of 
these acids are high : they are easily determined by the rules already 
explained (p. 515). 

Tartaric Acid (GgH,0,o2HO==T). 

This acid is found free, and in combination, in many vegetables : its prin- 
cipal source is the juice of the grape, in which it exists in the form of 
tartar, or bitartrate of potassa (KO,HO,CgH40io)' This salt is decomposed 
as follows : 4 parts of it in fine powder, are well mixed with 1 part of 
powdered chalk, and the mixture thrown, by small portions at a time, into 10 
parts of boiling water ; when the effervescence is over, the whole is stirred 
and left .to subside ; the liquid, which is a solution of neutral tartrate of 
potassa, is then poured off the sediment, which is tartrate of lime, and a 
solution of chloride of calcium is added to it. This throws down an addi- 
tional portion of tartrate of lime, which is mixed with the first, and having 
been well washed, is decomposed by dilute sulphuric acid ; this forms sulphate 
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of lime, while the tartaric acid remains in solution, and is obtained by slow 
evaporation. The first crystals require to be redissolved, and digested with 
a little purified animal charcoal until the liquid is colorless ; it is then again 
evaporated and crystallized. Tartar may be similarly decomposed by car- 
bonate of baryta and chloride of barium ; the resulting sulphate of baryta 
falls more rapidly than the sulphate of lime, and may be used for white 
paint. 

Crystallized tartaric acid is very sour: its sp. gr. is I'H ; it is translucent, 
and qf complicated forms, derived from an oblique rhombic prism. It acquires 
electric polarity by heat. It is permanent in a dry atmosphere : water 
dissolves about 1*5 its weight at 60^, and more than twice its weight at 212'^. 
It is also soluble in alcohol. The dilute aqueous solution soon becomes 
mouldy. It is converted into oxalic and acetic acids by fusion with potassa. 

[CsH40,o,2HO] + 3 [KO,HO] = [KO,C,H303] +^2[K0,C^0J + 6[H0] 

Tartaric acid. Potassa. Acetate of potassa. Oxalate of potassa. Water. 

It is transformed by the action of peroxide of manganese, or of lead, into 
formic and carbonic acids. 

[CsH40,o,2HO] + 6[PbO,] = 2[PbO,C2H03] + 4[PbO,C02] + 4[H0] 



Tartaric acid. Peroxide of lead. Formate of lead. Garb, of lead. Water. 

Tartaric acid is distinguished by the white granular precipitate which it 
produces when added in excess to solutions containing potassa. If these 
solutions are very dilute, the crystalline precipitation is accelerated by the 
addition of alcohol. It produces a white precipitate, soluble in an excess of 
the acid, in lime, baryta, and strontia-water, and in acetate of lead. It is 
used in calico-printing, and is much employed as a cheap substitute for citric 
acid in lemonade and in effervescent solutions. In the laboratory it is used 
as a test for the salts of potassa, and to prevent the precipitation of certain 
oxides, as the oxide of antimony, and titanic acid. 

The tartaric acid of commerce is apt to be contaminated by traces of sul- 
phuric acid and of lead. To detect sulphuric acid, chloride of barium may 
be used : if added in excess, or if the solution of tartaric acid is concentrated, 
tartrate of baryta will fall ; but the presence of sulphuric acid in the precipi- 
tate is recognized by its insolubility in hydrochloric acid, which acid dis- 
solves tartrate of baryta. Sulphuretted hydrogen is the test for the presence 
of lead. 

Pasteur has shown that there are two modifications of crystallized tartaric 
acid. The crystals of one variety, when dissolved in water, turn the polar- 
ized ray to the right — dextro-tartariCj or the common tartaric acid. Other 
crystals selected from the same mass, when dissolved in water, turn the ray 
to the left — Icevo-tartaric acid. Both sets of crystals are unsymmetrical, but 
the absence of symmetry is exactly in opposite directions. It is remarkable 
that when equal parts of the two acids are mixed, crystals are deposited from 
the mixture, which appear to be identical in properties with racemic acid: 
they have no action on a ray of polarized light. As racemic acid differs in 
chemical properties from the tartaric, these facts show a singular relation 
between the crystalline forms and the chemical and optical properties of 
bodies. 

The tartrates are mostly crystallizable, and are either neutral or acid. In 
the neutral tartrates 2 atoms of base are combined with 1 atom of acid, as in 
neutral tartrate of potassa, which is 2(KO),C8H^O^o, or in tartrate of potassa 
and soda =KO,NaO,C8H40io. In the acid tartrates (or bitartrates) 1 atom 
of water replaces 1 of the bases, as in bitartrate of potassa, which is KO, 
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HOjCgH^O^Q. There is also an important class of tartrates in which one of 
the bases is a protoxide and the other a teroxide, the salt being neutral, 
as in the tartrate of potassa and antimony (emetic tartar), which is KO,Sb 
03,C8H40io* Lastly, there are tartrates in which one of the bases is replaced 
by a weak acid, as in the boro-tartrate of potassa =KO,B03,CgH40^o. 

Tartrate of potassa^ 2(K0),T, used as an aperient under the name of solu- 
ble tartar, forms prismatic crystals of a saline and bitter taste, soluble in two 
parts of water. Most of the acids occasion a precipitate of the acid tartrate 
in the aqueous solution of this salt, by abstracting an atom of potassa. 

Acid Tartrate. Bitartrate of Potassa. Tartar (KO,HO,T). — This salt 
exists in the juice of the grape, and is deposited in wine-casks in the form of 
a white or red crystalline incrustation, called argol, or crude tartar. It is 
purified by dissolving it in boihng water, with one-twentieth of its weight of 
pipeclay, which absorbs the coloring matter, and falls as a sediment, the 
crystals of tartar separating afterwards upon the surface of the liquor, and 
upon the sides and bottom of the boiler; the term cream of tartar y^q^^ origi- 
nally applied to the imperfectly crystallized superficial crust. 

The acid tartrate of potassa is also formed by adding excess of tartaric 
acid to a solution of potassa : the mixture presently deposits crystalline 
grains, and furnishes an example of diminution of solubility by increase of 
acid in the salt. Upon this the use of tartaric acid as a test for potassa de- 
pends; for soda forms an easily soluble supertartrate, and affords no pre- 
cipitate. 

The crystals of this salt, which are rhombic prisms, include one equivalent 
of water, which is not separable at a heat much below that at which the acid 
of the salt begins to be decomposed. They are hard, gritty, and subacid; 
sp. gr. 1*95. This salt is soluble in 184 parts of water at 68^; and in 18 
parts at 212°. It is rendered much more soluble by the addition of boracic 
acid or of borax; 2 parts of borax and 5 of tartar are soluble in about six 
times their weight of boiling water; on evaporating the solution, the residue 
concretes into Le Fevreh soluble cream of tartar, or sal-gummosum . When 
exposed to heat in a close vessel, tartar fuses, blackens, and is decomposed, 
and carbonate of potassa, mixed with charcoal {blach flux) remains. It is 
an excellent flux in the reduction of metallic ores, upon a small scale, its 
alkali promoting their fusion, and the carbonaceous matter tending to reduce 
the oxides. Tartar is sometimes adulterated with pounded quartz or calca- 
reous spar ; the former is detected by its insolubility, the latter by efferves- 
cence with dilute hydrochloric acid. Tartrate of lime is often present in 
purified tartar ; it separates in tufts of acicular crystals from a hot solution 
of the salt. 

Tartrate of soda (2(NaO),T + 4HO) forms acicular crystals, soluble in about 
their own weight of water. When their aqueous solution is mixed with half 
their weight of tartaric acid, it yields small prismatic crystals of acid tar- 
trate of soda, ^^M, HO /\1,2M0, of an acid taste, soluble in 8 parts of cold 
and 1 '8 of boiling water. Tartrate of soda is formed extemporaneously by 
dissolving equal parts of powdered tartaric acid and of bicarbonate of soda, 
in separate portions of water, and then mixing the solutions ; it forms a re- 
freshing saline and slightly aperient draught. 

Tartrate of potassa and soda (KO,NaO,T + 8riO) is prepared by satu- 
rating the excess of acid in tartar, with carbonate of soda : it is the Soda 
tartarizata of pharmacy; it forms fine transparent prismatic crystals. This 
salt has long been used as a mild aperient, under the name of Rochelle Salt, 
and Selde Seignette, having been first prepared at Rochelle by an apothecary 
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of the name of Seignette. The crystals are soluble in about 3 parts of cold 
water. 

Tartrate of lime is often found as a crystalline deposit in light white wines. 
It falls on dropping tartaric acid into lime-water, and is soluble in excess of 
the acid. 

Tartrates of iron The prototartrate falls as a whitish crystalline powder 

on adding tartaric acid to protosulphate of iron. When recently prepared 
and moist peroxide of iron is dissolved in tartaric acid, an uncrystallizable 
salt is produced, which is not precipitated by the alkalies. 

A pertartrate of iron and potassa is formed by digesting hydrated peroxide 
of iron with tartar and water : made into balls, and dried, it forms the 
glohuli martiaks, or Bottles de Nancy ^ of old pharmacy. 

Tartrate of copper forms a bluish green crystalline precipitate in a mixture 
of tartrate of soda and sulphate of copper : if the solutions are very dilute, 
the salt is long in falling, but on striking the glass, or drawing lines upon it 
with a glass rod, it soon appears. Dissolved in a solution of soda, this salt 
forms a deep blue liquid, useful as a test for grape-sugar (p. 528). 

Tartrate of lead is a white crystalline powder thrown down by tartaric 
acid, or a tartrate, from a solution of nitrate of lead. After having been 
heated in a glass tube to dull redness, it leaves a pyrophorus, which inflames 
when shaken out into the air, in consequence of the rapid oxidizement of 
the finely-divided lead. 

Tartrate of potassa and antimony; Emetic tartar (KOj^hO^.Q^Kfi^Q^ 
HO), is obtained by boiling any of the forms of SbOg with tartar and water. 
It is a white salt, of a nauseous styptic taste, slightly efflorescent, soluble in 
about 14 parts of cold, and in less than 2 parts of boiling water. Its solu- 
tion is rendered turbid by hydrochloric, nitric, and sulphuric acids, but not 
by the fixed alkalies : the fixed alkaline carbonates, and lime-water, decom- 
pose it. Ammonia throws down oxide of antimony, especially when aided by 
heat. Infusion of galls and many other vegetable bitter and astringent infu- 
sions form a precipitate in a solution of emetic tartar, which is generally 
said to be inactive, and hence decoction of bark has been recommended as 
an antidote to its poisonous effects. Solution of sulphuretted hydrogen only 
precipitates strong solutions of emetic tartar ; weaker solutions are merely 
reddened by it : it is also decomposed by hydrosulphate of ammonia : in 
these cases the precipitate is sidpJiide of antimony. Heated to redness, out 
of the contact of air, it furnishes a highly-pyrophoric residue, which contains 
an alloy of potassium and antimony. 

Action of Heat on Tartaric Acid. — When common crystallized tartaric 
acid is heated to about 350^, it fuses without losing weight, and congeals on 
cooling into a vitreous mass, which has the same saturating power as the 
original acid, but which produces salts differing in crystalline form, and more 
soluble than the common tartrates. If the heat exceed 360°, the acid 
becomes monobasic, but still without loss of weight, and is represented by 
C8H50^^,H0 : it forms with potassa an uncrystallizable, deliquescent salt. 
These isomeric modifications have been designated metatartaric Sind isotar- 
taric acids : when solutions of their salts are boiled, they gradually revert to 
common tartrates. When the common acid is kept in fusion at about 3*72°, 
it loses half an equivalent of water, and is changed into tartralic acid. The 
tartralates are quite distinct from the tartrates : those of lime, baryta, and 
strontia, are soluble in water, and there is no difficultly soluble potassa salt. 

When the temperature of the fused tartaric acid is raised to 392° it loses 
an equivalent of water, and becomes tartrelic acid: in this state it forms a 
peculiar syrupy precipitate with the acetates of lime, baryta, and strontia. 



686 RACEMIC ACID, VARIETIES OF TARTARIC ACID. 

and produces neutral salts with one equivalent of base. The tartralates are 
converted into tartrates, when boiled with water. 

By carefully continuing the action of heat on tartaric acid, it may be ob- 
tained anhydrous; it is then white, amorphous, and insoluble in cold water: 
but by the protracted action of water, or by boiling, it reverts to its ordinary 
condition, by the resumption of two atoms of water. 

Characters of Tartaric Acid. — 1. When heated on platinum foil, it melts 
and burns with a reddish flame, evolving a peculiar odor. It leaves a slight 
residue of carbon. 2. Its aqueous solution is precipitated by lime-water, 
the white precipitate (tartrate of lime) being dissolved by a slight excess of 
acid, or by a large quantity of water. 3. A concentrated solution of the 
acid is precipitated by a solution of potassa, provided the acid is in excess. 
A small quantity of alcohol facilitates the precipitation. 4. Nitrate of silver 
produces no precipitate in a diluted solution. When the acid is neutralized 
by potassa, nitrate of silver throws down a white precipitate, which is black- 
ened and decomposed when heated to 212^. 5. A few drops of the acid 
solution evaporated on a glass-slide, leave prismatic crystals, which assume 
a plumose form. 

Racemic Acid : Uvic Acid; Paratartaric Acid. — This acid, formerly 
considered as peculiar to the grapes of certain districts, has been found 
generally in the juice of sour grapes. It is obtained by saturating the juice 
with carbonate of soda : the double tartrate is allowed to crystallize, and 
the double racemate, being more soluble, remains in the mother-liquor; it is 
decomposed by carbonate of lime, and the racemate of lime (treated as the 
tartrate) affords crystals of racemic acid, in the form of oblique rhombic 
prisms. It may be obtained anhydrous ; and in this state, as also in the 
intermediate states of hydration, it resembles tartaric acid, but it is distin- 
guished by its inferior solubility in alcohol, and by furnishing a precipitate 
with nitrate and sulphate of lime, as well as with chloride of calcium. 

The relations of the anhydrous tartaric acid to its several hydrated modi- 
fications, are as follows: — 



Anhydrous tartaric acid 
Crystallized tartaric acid 
Metatartaric acid 
Isotartaric acid 
Tartralic acid . 
Tartrelic acid . 
Racemic acid . 



CgH^Oio 
CeH.Ojo 2H0 
CgH.O.o 2H0 
CsH.O,, HO 
2(C3H,0,o)3HO 
CgH^Ojo HO 
CgH.O.o 2H0 



Pyruvic Acid ; Pyrotartaric Acid. — When tartaric acid is subjected to 
distillation at about 400°, it furnishes, among other products, a liquid and a 
crystalline acid. The former produces a characteristic red color with pro- 
tosalts of iron, and is monobasic: its formula is HOjOgHgOg. The latter is 
bibasic : it forms soluble salts with baryta, strontia, and lime : its formula is 
2(HO),C,oHA. 

Citric Acid (0,3HsO,i,3HO=Ci). 

This acid, discovered by Scheele in It 84, is found in several fruits, but is 
especially abundant in lemon-juice. To obtain it, the juice, clarified by 
heating it with a little white of ^g^, is saturated with chalk added in small 
portions, so long as it occasions effervescence : this throws down citrate of 
lime ; but a portion of acid citrate remains dissolved, which may be neu- 
tralized by hydrate of lime. When the liquid no longer reddens litmus, the 
precipitated citrate is washed, and decomposed by dilute sulphuric acid, 
which forms sulphate of lime, and the citric acid is retained in solution ; it 
it filtered off and evaporated until a crystalline pellicle appears on the surface: 
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crystals of citric acid are deposited, which are purified by repeated solution 
and crystallization. (The practical details of the process are given in 
Parkes' Chemical Essays.) A gallon of good lemon-juice yields about 10 
ounces of the pure acid. Citric acid crystallizes in rhomboidal prisms, which 
are dissolved by their weight of cold water, and are soluble in alcohol, but 
not in ether. It is considered as tribasic, the formula of the ordinary citrates 
being ^{M.O),Q^Jlfi^^. The ordinary crystals deposited from a hot saturated 
solution are ^{^Q) ,0 ^^fi ^^+^0 ; but those obtained from spontaneous 
evaporation, from a cold solution, are 3(HO),Ci3H50^j + 2IIO. The former 
neither lose weight nor transparency at 212^, but the latter, dried at 212*^, lose 
their adventitious water, and become ^(J3.0)jQ^^fi^^. Anhydrous citric acid 
has not been isolated. When the crystals are highly heated, inflammable gas 
and vapor are disengaged, and a yellow residue obtained which is aconitic acid. 
Citric acid is used in the preparation of acid drinks, and in pharmacy, as a 
substitute for lemon-juice. When mixed with tartaric acid, the adulteration 
may be detected by adding to the acid, dissolved in cold water, a solution of 
acetate of potassa, which occasions the precipitation of acid tartrate of 
potassa. When citric acid is added to lime-water, the liquid remains clear 
until heated : it then becomes turbid, and deposits citrate of lime. This 
character distinguishes it from several other vegetable acids. Heated with 
sulphuric acid, citric acid is resolved into carbonic oxide, carbonic acid, 
acetic acid, and water. The action of sulphuric acid on this acid and tar- 
taric acid is different. When tartaric acid is heated with sulphuric, the 
mixture is intensely blackened ; when citric acid is thus treated, the liquid 
acquires only a pale-yellow color. The presence of tartaric acid would be 
indicated by a considerable darkening. Decomposed by fusion with caustic 
potassa, it yields oxalic and acetic acids, and water. 

Citrates The citric, like other tribasic acids, forms neutral and acid 

salts : they are mostly soluble in water, and when lime-water is added to 
their solutions, they become turbid when boiled, but again clear on cooling. 
The citrates of potassa and of soda are used medicinally. Citrate of lime is 
the usual source of the pure acid. 

Action of Heat on Citric Acid. — When carefully heated, citric acid loses 
2 atoms of water, and is transformed into aconitic acid (equisetic or citricic 
acid), an acid found in the varieties of aconite, and in the equisetums : — 

Citric acid. Aconitic acid. 



3H0,C,A0n = ^A^^2 + 2H0 
Under the continued influence of heat, the aconitic acid yields carbonic acid, 
and an oily distillate which crystallizes on cooling, and is a mixture of two 
isomeric acids, one much less soluble than the other, the itaconic (pyrocitric 
or citricic acid), and the citraconic acid; their formula is ^^O^Q^^^fi^. 
Aconitic acid. Itaconic acid. 



0,2H60i2 = CjoHgOg + 200^ 

Characters of Citric Acid, — 1. When heated on platinum, it melts, and 
burns with a yellow flame, leaving scarcely any carbon. 2. Its aqueous solu- 
tion is not readily precipitated by lime-water until it is boiled, when citrate 
of lime is thrown down. 3. A concentrated solution of the acid is not pre- 
cipitated by potassa. On this is founded a method of detecting the adul- 
teration of citric with tartaric acid. Cover a glass plate with a layer of solu- 
tion of potassa, and drop on the liquid the powdered acid. If pure, the 
citric acid simply dissolves: if tartaric acid is present, stellated prisms of 
acid tartrate of potassa are formed in groups, and remain. 4. Nitrate of 
silver produces in the solution, no precipitate. When the acid is neutralized 



588 TANNIC ACID. ITS PRODUCTION. 

by potassa, nitrate of silver throws down white citrate of silver, which is 
only slightly discolored and partially decomposed when heated to 11 2^. 5. 
A few drops of the acid evaporated slowly on a glass slide, leave small cir- 
cular groups of prismatic crystals radiating from a centre. 

Malic Acid. SotUc Acid (CsH40s,2HO=M^). 

The existence of a distinct acid in apple-juice was first proved by Scheele, 
in ItSd : it was thence called Malic acid. In 1815 Donovan found it in 
the berries of the mountain-ash {Sorhus aucuparia). It occurs in other 
vegetables, especially (with oxalic acid) in the stalks of garden rhubarb. It 
is obtained from the clarified juice of ripe mountain ash-berries, by adding 
to it acetate of lead, washing the precipitate with cold water, then pouring 
boiling water upon the filter, and allowing it to pass through the precipitate 
into glass jars : after some hours, crystals of malate of lead are deposited, 
which are to be boiled with 2*3 times their weight of dilute sulphuric acid, 
sp. gr. 1-09; the clear liquor then poured off, and while still hot, sulphu- 
retted hydrogen passed through it to precipitate the remaining lead ; the 
liquid, after having been boiled and filtered, is a solution of nearly pure 
malic acid. It crystallizes with difficulty in deliquescent prisms. The malates 
are either acid or neutral, the acid being bibasic. They are mostly soluble 
in water, and insoluble in alcohol. Lime-water is not rendered turbid by 
malic acid, but on evaporating the solution, crystalline malate of lime sepa- 
rates, which is redissolved by boiling. These characters distinguish malic 
acid from oxalic, tartaric, racemic, and citric acid. The peculiar and 
brilliant crystalline appearance which recently precipitated malate of lead 
assumes when left in the liquid, is characteristic of this salt. A mixture of 
malate of lime and water, with a little yeast, gradually ferments ; carbonic 
acid is given off, and succinic and acetic acids are found in the residue. 

Malic acid. Succinic acid. Acetic acid. 



3(C8HA,2HO) = 2(CsH30„3HO) + (C.HaOs^HO) + 400^ -f 2H0. 

Action of Heat on Malic Acid. — When this acid is heated up to about 
400^, it is resolved into water and a crystalline sublimate of Maleic Acid (p. 
634); but if the heat is carefully maintained between 2t0^ and 280^, the 
product is Fumaric or Paramaleic Acid, an acid found in Fumitory, and 
isomeric with maleic acid : it is especially characterized by the insolubility 
of the fumarate of silver : according to Dessaignes, a liquid containing one- 
200,000th of fumaric acid, gives a precipitate with nitrate of silver. 

Tannic Acid; Tannin; Quercitannic Acid; Gallotannic Acid 

There are many vegetable substances containing a principle which confers 
upon them an astringent taste, and which has the property of forming a pre- 
cipitate in a solution of gelatine, and of striking a dark-blue or black pre- 
cipitate with solutions of the persalts of iron. These properties are pos- 
sessed in a remarkable degree by an infusion of gall-nuts — the excrescences 
which form upon the branches and shoots of the Quercus infectoria, being 
produced by the puncture of the female of the Cynips gallce tinctorice. The 
insect deposits its ovum in the puncture, and occasions the excrescence, or 
gall, within which the larva is developed, and when the insect is perfect, it 
eats its way out. The best galls, known as hlach or hlue halls , are gathered 
before the insect has escaped ; the white galls are those from which the insect 
has departed, and are consequently perforated with a small circular hole. 
To obtain tannic acid, powdered galls are digested in about an equal weight 



TANNO-GALLATES. INK. GALLIC ACID. 689 

of washed ether, containing about 10 per cent, of water, which, when poured 
off, separates into two portions, the heavier of which, when carefully evapo- 
rated, leaves tannic acid. It is an uncrystallizable scaly substance, of a pale 
buff color, very astringent, and soluble in water, alcohol, and ether : it red- 
dens litmus, and remains unchanged when dry, but when moist it soon 
absorbs oxygen, and passes into gallic acid. Some of the acids and several 
salts precipitate its aqueous solution ; and when boiled with dilute hydro- 
chloric or sulphuric acid, it is converted into gallic acid and sugar. 

C54H22O34 + 20HO = S(C,AO,o) + C,2H,,0,4 
Tannic acid forms insoluble compounds with the greater number of bases, 
as well as with many organic substances, and especially the vegetable alka- 
loids. Combined with gelatin it forms leather, and in combination with 
peroxide of iron it is the basis of black dyes and writing-inh. No immediate 
precipitate is occasioned by tannic acid in very dilute solutions of pure pro- 
tosalts of iron : but when the solutions are concentrated, a white gelatinous 
precipitate falls. If excess of tannic acid is added to a solution of persul- 
phate of iron, a black precipitate is formed ; and a similar precipitate falls 
in a solution of the protosulphate after due exposure to air. 

The following, according to Dr. Miller, furnishes a good writing-ink : 
Digest three-quarters of a pound of bruised galls in a gallon of cold water, 
then add six ounces of sulphate of iron with an equal weight of gum arable, 
and a few drops of creasote. Let this mixture digest at ordinary tempera- 
tures for two or three weeks, with occasional agitation, then let it settle, and 
decant for use. The tannoferric inks are liable to fade with age j but the 
writing may generally be restored by washing it with a weak acid, and then 
applying an infusion of galls, logwood, or ferrocyanide of potassium. 

Characters of Tannic Acid. — 1. When heated in air it melts, and burns 
like a resin. 2. It is precipitated by a solution of gelatin or albumen. 3. 
It gives a black precipitate or color in a solution of a neutral persalt of iron. 
4. An excess of lime-water gives with it a dirty blue precipitate which 
rapidly becomes greenish colored. 5. The acid has a peculiarly astringent 
taste. It may be detected in all vegetable infusions or decoctions by their 
acquiring a dark color on the addition of a few drops of a persalt of iron. 

G-ALLic Acid (C^^HgOio). 

This acid was discovered in 1186 by Scheele: it was one of the results of 
the decomposition of tannic acid. It may be obtained by mixing powdered 
galls into a thin paste with water, and exposing it some weeks to air, occa- 
sionally adding water to prevent desiccation ; the powder swells, becomes 
mouldy, and evolves carbonic acid, in consequence of a species of fermenta- 
tion, during which gallic acid is formed. The magma is then pressed, the 
residue boiled in water, and the solution filtered while hot: on cooling, it 
deposits crystals of the acid, which may be purified by redissolving and boil- 
ing them with a little animal charcoal, when the filtered solution deposits 
white silky crystals of gallic acid. This acid is soluble in 100 parts of cold 
and in 3 of boiling water; readily soluble in alcohol, and sparingly so in 
ether. According to Strecker, it is a tribasic acid, represented in its anhy- 
drous state by Q^Jlfi^, and forming 3 classes of salts, represented by MO, 2 
(H0),C,,H30,,2(M6),H0,C,,H307, and 3(MO),C,,H30,. When 1 part of 
gallic acid is triturated with 5 of sulphuric acid, gently heated, and dropped 
into water, a red crystalline substance falls {Rujigallic acid, =2(HO),Ci4 
H^Og), which produces on mordanted calico a dye resembling madder-red. 

Characters of Gallic Acid. — 1. It is white and crystalline, soluble in water 
and alcohol. When heated in air it melts, and burns like a resin. 2. It 
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produces an inky blae color with a persalt of iron. 3. It is not precipitated 
by nitrate of silver until boiled, when the silver salt is reduced. 4. It 
gives no precipitate with a solution of gelatin or albumen. 5. With an 
excess of lime-water it gives a white precipitate, which in air rapidly passes 
through shades of a blue and purple color. 6. When ammonia is poured on 
the crystals, they acquire a rich red color. 1. When the crystals are heated 
with a small quantity of sulphuric acid, they produce a rich crimson com- 
pound. 

Pyrogallic Acid (C^JIqOq) is now largely manufactured for the purposes 
of photography. It is obtained by sublimation from gallic acid, which, at a 
temperature between 410° and 420° is resolved into pyrogallic and carbonic 
acid (p. 491.) At a high temperature this acid is converted into water and 
a brown amorphous product, insoluble in water, but soluble in the alkalies, 
called metagallic acid (p. 498). 

Pyrogallic acid forms white acicular and lamellar crystals, feebly acid, of an 
astringent bitter taste. The crystals melt at 257°, and sublime at about 400^. 
The acid is very soluble in water, alcohol, and ether. It is permanent when 
dry, but in aqueous solution soon becomes brown, as a result of oxidation, 
and under the influence of a free alkali, it rapidly absorbs oxygen (p. 141). 
It does not precipitate the pure protosalts of iron, but tinges them of a cha- 
racteristic blue; it reduces most of the salts of mercury, silver, gold, and 
platinum. Dropped into milk of lime it produces a purple tint, which soon 
becomes brown. It is an important photographic agent (p. 415). 

Characters of Pyrogallic Acid. — These have been described at p. 415. 
Its most characteristic property is the instant reduction of silver to the me- 
tallic state, from a solution of the nitrate. It differs from gallic acid in many 
respects. When the crystals are heated with a small quantity of sulphuric 
acid, a black compound results from some decomposition of the acid. 

Ellagic Acid (C^^HaOySHO) is produced, together with gallic acid, 
during the exposure of moistened galls to air ; it is a gray crystalline powder, 
insoluble in water but soluble in the alkalies, with which it forms sparingly 
soluble salts. This acid has been found in the intestinal concretions called 
Oriental Bezoars, 

Oxalic Acid (C^OeHO). 

This acid was discovered by Scheele in 1116; it is found in some fruits, 
in the juice of wood-sorrel and of common sorrel (Oxalis acetosella; Rumex 
acetosa), in the varieties of rhubarb, especially the Rheum rhapontieum, or 
pie-plant, and in several other plants : in these it is generally combined with 
potassa or lime. Certain lichens growing upon calcareous rocks, contain 
half their weight of oxalate of lime. It occasionally occurs in urine, as oxa- 
late of lime. The mineral called Humboldtite is a peroxalate of iron. The 
commercial demands for oxalic acid are supplied from artificial sources. 
When 1 part of sugar is mixed with 4 of nitric acid and 2 of water, nitric 
oxide and carbonic acid are evolved ; after distilling off the excess of nitric 
acid, and pouring the residue into a shallow vessel, crystals of oxalic acid are 
deposited, and on further evaporation of the mother-liquor, a second crop is 
obtained. The product is purified by solution in water and recrystallization. 
According to L. Thompson (Pharm. Journ., viii. Ill), one atom of sugar 
=C^3Hi^0^^, arid 1 atoms of nitric acid =1N0., are thus resolved into INOg, 
6C02,2HO, and SCCaOgSHO). These proportions, he observes, do not 
greatly differ from those employed by the wholesale makers, who use 112lbs 
of sugar, 560lbs of nitrate of potassa, and 280lbs of oil of vitriol, to produce 
135lbs of crystallized oxalic acid, and 490lbs of sulphate of potassa. 

Oxalic acid is now, however, chiefly manufactured from sawdust. It is 
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thus produced of good quality, in large quantity, and at a much cheaper 
rate than in the process by the action of nitric acid on sugar. It has been 
long known that when woody fibre was heated to a moderate temperature 
with caustic potassa, the products were ulmic acid and hydrogen. At a 
higher degree of heat, oxalic acid replaces the ulmic as a product, and at a 
still higher degree, in which destructive distillation takes place, carbonic 
acid and hydrogen result. The principle of this new manufacture, therefore, 
is to heat the woody fibre with alkali, to a degree sufficient to produce oxalic, 
and neither ulmic nor carbonic acid. The sawdust is mixed with a solution 
of two equivalents of hydrate of soda and one of hydrate of potassa, having 
asp. gr. of 1*25. Soda alone is not found to answer the purpose. The 
sawdust acquires a dark brown color from the action of the alkalies, and is 
rendered soluble in water. The mixture is heated to about 400° in shallow 
cast-iron pans for some hours, care being taken to avoid charring. The heat 
is then cautiously raised, and the result is a residue, containing a large 
quantity of the mixed oxalates of potassa and soda. A solution of car- 
bonate of soda passed through the mixed oxalates on a filter, transforms the 
oxalate of potassa to oxalate of soda, the carbonate of potassa passing 
through the filter. The oxalate of soda is converted by lime to oxalate of 
lime, and this compound is decomposed by an equivalent of sulphuric acid. 
Oxalic acid remains in the liquid, and after two or three crystallizations is 
obtained in a pure state in large crystals. Two pounds of sawdust thus 
yield one pound of oxalic acid. Messrs. Dale and Roberts, of Manchester, 
who have perfected this process, manufacture nine tons of oxalic acid weekly 
for the purposes of calico-printing, dyeing, and bleaching. 

The ordinary crystals of oxalic acid (C303,HO + 2HO) are transparent 
four-sided prisms. They are intensely sour, and dissolve in about 12 parts 
of water at 60°, their solubility increasing rapidly with the increase of 
temperature ; at 21 2° they fuse in their water of crystallization. They are 
less soluble in alcohol than in water, and still less soluble in ether : at a 
temperature of 100°, they gradually fall into powder, and lose about a third 
of their weight : after having been deprived of 2 equivalents of water, they 
sublime, when heated to about 320° ; and the sublimate contains 1 atom of 
water. When the ordinary crystals are rapidly heated to about 35 0°, water, 
carbonic acid, carbonic oxide, and formic acid, are the results. Unlike other 
vegetable acids, oxalic acid is a powerful poison. A dose of it has destroyed 
life in ten minutes. 

Hydrochloric acid dissolves oxalic acid without decomposition. It is not 
decomposed by dilute nitric acid, but when heated with concentrated nitric 
acid, it is converted into carbonic acid. Mixed with about 2 parts of sul- 
phuric acid, and gently heated, it is rapidly resolved into equal volumes of 
carbonic acid and carbonic oxide, whilst the water of the crystals remains 
combined with the sulphuric acid (p. 244). The intensity of the acidity of 
oxalic acid is such, that 1 part in 200,000 of water reddens litmus. It 
abstracts lime from sulphuric acid when added to a solution of sulphate of 
lime, but oxalate of lead is decomposed by sulphuric acid ; so that its affinity 
for bases appears to be about equal to that of sulphuric acid. When a 
solution of oxalic acid is boiled with the peroxides of manganese, lead, 
cobalt, or nickel, or with chromic acid, these oxides are partially reduced, 
carbonic acid is evolved, and oxalates are formed. When it is boiled with 
chloride of gold it throws down metallic gold, and carbonic acid passes off. 
Oxalic acid ranks among the most active irritant poisons, and the resemblance 
of its crystals to those of Epsom salt, has given rise to many fatal accidents. 
The antidotes are chalk or magnesia. 

Oxalates. — In the neutral oxalates the oxygen of the base is to that of 
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the acid as 1 : 3, their formula being MOjCgOg; and if the oxygen of the 
base be added to the acid, the result is a metal and carbonic acid, or 
M,2[C03]. Some oxalates, when heated, give this result : thus oxalate of 
silver yields, when heated, metallic silver and carbonic acid ; AgO,C303= Ag+ 
SLCOJ. Sometimes carbonic oxide and carbonic acid are given off, leaving 
a protoxide of the metal ; this is the case with oxalate of manganese ; MnO, 
C203=MnO, + CO,-fC03; and sometimes the carbonic oxide thus evolved 
reacts on the metallic oxide, and reduces it ; thus with oxalate of cobalt, 
CoO,CA=C!oO + CO + C03; and CoO, + CO = Co + CO,. When the oxa- 
lates are heated with sulphuric acid, they are decomposed, and yield carbonic 
oxide and carbonic acid. In the acid oxalates, the quantity of acid is either 
twice, or four times, that contained in the neutral oxalates. 

Oxalate of Ammonia (^^Jd,QJd.^,-\r^O) is obtained by saturating a hot 
solution of oxalic acid by carbonate of ammonia, and crystallizing. It 
forms prismatic crystals, soluble in 28 parts of cold water. They are 
insoluble in alcohol. Added to any soluble compound of lime, this salt 
produces an insoluble oxalate of lime, provided no excess of acid be present ; 
hence its use as a test of the presence of lime. The crystals contain two 
atoms of water. There is a binoxalate as well as a quadroxalate, but these 
are unimportant salts. 

Oxamide {Q^O^'R^. — When oxalate of ammonia is subjected to dry 
distillation, it fuses, boils, decomposes, and volatilizes, leaving a little 
carbon behind ; the liquid which passes over contains a flocculent substance, 
which also lines the neck of the retort, and to which Dumas gave the name 
of oxamide ; it may be separated by washing and filtration, 100 parts of 
the oxalate yielding about 5. The other products of the decomposition are 
ammonia, water, carbonic acid, carbonic oxide, and cyanogen. Oxamide is 
also formed by the action of ammonia on oxalic ether ; and of boiling nitric 
acid upon ferrocyanide of potassium. Oxamide forms a granulated powder, 
without taste or smell, and having no action on test-papers. It is volatile 
when carefully heated : it is scarcely soluble in water at 60°, and a saturated 
solution at 212° deposits it in flocculi. It is insoluble in alcohol. Boiled with 
potassa, or soda, oxamide evolves ammonia, and the carbon and oxygen 
remain in the state of oxalic acid. Dilute sulphuric, nitric, and hydrochloric 
acids convert it into oxalic acid, and form ammoniacal salts. Boiled with 
concentrated sulphuric acid, oxamide affords sulphate of ammonia, and equal 
volumes of carbonic acid and carbonic oxide are disengaged : concentrated 
nitric acid converts oxamide into nitrate of ammonia and carbonic acid. 

Referring to the ultimate elements of oxamide, Dumas regards it is an 
amide of carbonic oxide, or as containing the hypothetical radical amidogen, 
NH, (p. 168). 

Oxamic Acid {Q^fi^). — This compound is one of the results of the 
careful destructive distillation of binoxalate of ammonia, which at a tempera- 
ture of about 450° leaves a residue of oxamide and oxamic acid ; the latter 
is soluble in water, and when added to a soluble lime or baryta salt, it gives 
a crystalline precipitate, which is an oxamate of the base, and may be 
decomposed by sulphuric acid. Oxamic acid is a yellowish powder, which 
when boiled in water is reconverted into binoxalate of ammonia, C^HgOglST 
+ 2H0,=NH^0,CA.H0. 

Oxalates of Potassa, — There are three of these oxalates : the neutral salt is 
with difficulty crystallizable. The binoxalate forms rhombic prisms, including 
3 atoms of water, one of which is basic ; it has a very sour taste, and is pre- 
pared in some parts of Germany and Switzerland from the juice of the 
wood-sorrel : it is often used for the removal of ink-stains and iron-moulds 
from linen. The quadroxalate is formed by the action of hydrochloric acid 
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on the binoxalate, which abstracts half the potassa : it crystallizes in 
octahedra. 

Oxalate of lime exists in many plants, and is found in such quantities in 
some lichens (especially Variolaria communis, Isidium corallinum, Psora 
Candida, &c.), that the soil upon the spots on which they have grown and 
decayed, and trunks of trees upon which they have flourished, abound in it. 
The, bodies called raphides, found in the cellular tissue, and floating 
occasionally in the juices of vegetables, are composed of oxalate of lime ; 
this salt also exists occasionally in the human urine, and forms calculi, 
which, from their nodular exterior and reddish-brown color, are called 
Midberry calculi. On adding oxalate of ammonia to any solution of lime, 
oxalate of lime is precipitated : it is insoluble in water, in excess of 
oxalic acid, and in acetic acid, but dissolves in hydrochloric and nitric acids : 
hence, in testing acid solutions for lime by oxalate of ammonia, an excess of 
acid should be previously neutralized. It is decomposed by sulphuric acid. 
When oxalate of lime is digested in a solution of a carbonated alkali, car- 
bonate of lime and an alkaline oxalate are formed. When rendered dry 
upon a sand-heat, this salt becomes singularly electrical on friction, and 
platinum and other metals rubbed against the powder become negative, the 
powder positive ; it appears to stand at the head of the substances which 
become positive by friction. (Faraday.) At a red heat it is converted 
first into carbonate and then into quicklime. When well washed, and dried 
at 212^ till it ceases to lose weight, it is CaOjHOjCgOg, and contains 38*4 
per cent, of lime. 

Of the other oxalates those of lithia, strontia, and alumina, are soluble in 
water ; those of baryta, lead, and silver, are nearly insoluble in water, but 
are dissolved by a solution of sal-ammoniac. The doable oxalate of potassa 
and chromium forms crystals of an intense blue color. 

Characters of Oxalic Acid. — Tests as a poison : 1. This acid crystallizes 
in well-defined quadrilateral prisms. 2. When the crystals are heated on 
platinum, they melt, and are volatilized without combustion, and without 
leaving any carbonaceous residue. 3. Lime-water, or a solution of sulphate 
of lime, produces a white precipitate, not soluble in any vegetable acid, but 
it is dissolved by nitric acid. 4. A solution of the acid gives a white 
precipitate with nitrate of silver (oxalate of silver). This may be boiled 
without undergoing decomposition. When collected in a filter, washed, 
dried, and heated, it is decomposed, with slight detonation, into carbonic 
acid and metallic silver, AgO-f C203=Ag+2C03. The crystalline form 
and volatility, the action of sulphate of lime and nitrate of silver, are the 
most reliable tests in cases of poisoning. By reason of its solubility in 
alcohol, oxalic acid may be separated from many organic substances. The 
aqueous solution of the acid, acidulated with acetic acid, should be pre- 
cipitated by a solution of acetate of lead : the oxalate of lead collected, 
and this compound decomposed by a current of sulphuretted hydrogen. 
By this process, oxalic acid may be obtained in a crystalline state on 
evaporating the aqueous filtrate. 

Acetic Acid (C^H.O,, or C,H303,H0). 

There are two principal sources of acetic acid, namely, 1. Yinous fermen- 
tation, and 2. The destructive distillation of wood. Comparing the ultimate 
composition of alcohol with that of acetic acid, it appears that 1 equivalent 
of alcohol, by the absorption of 4 equivalents of oxygen, is resolvable into 
1 equivalent of acetic acid and 2 of water. 

38 
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CJifi, + 04 = CAO4 + 2H0. 



Alcohol. Acetic acid. 

This is the theory of the formation of vinegar by the action of air on 
wine, beer, and similar fermented liquors ; but alcohol itself, or a mixture of 
alcohol and water, does not undergo this change unless some azotized organic 
matter is at the same time present. 

Vinegar (from vin aigre) or the dilute acetic acid chiefly used for domestic 
purposes, varies in quality according to the sources whence it is obtained. 
The best French vinegar is made by putting wine into a cask already con- 
taining a little vinegar, and to which air has due access, the temperature of 
the factory being maintained at about 80*^. In this country, beer, or a wort 
prepared for the purpose, is used as a source of vinegar. A good extempo- 
raneous vinegar may be prepared by dissolving 1 part of sugar in 6 of water^ 
with 1 part of brandy, and a little yeast: this mixture is put into a cask^ 
with the bunghole open, and kept at a temperature of between "JO^ and 80^^ 
in from four to six weeks, the clear vinegar may be drawn off. Liebig re- 
commends 120 parts of water, 12 of brandy, 4 of brown sugar, 1 of tartar, 
and ^ of sour dough, left foi' some weeks in a warm place, as ingredients for 
the production of a good vinegar. Various modes of accelerating acetifica- 
tion have been suggested by the extension of the surface of the liquid. As 
far back as 1743, Boerhaave recommended that a mixture of 1 part of alcohol 
and 9 of water should be made to trickle slowly through beech-shavings^ 
previously soaked in vinegar, and lying loosely in a cask perforated with 
holes : the best proportions are, 1 part of alcohol (sp. gr. 0*848) with 4 to 
6 of water, and a thousandth part of ferment, honey, or extract of malL 
This mixture, previously heated to about 80^, is made to trickle through 
the shavings steeped in vinegar; the temperature, as a result of the oxida- 
tion of the liquid, soon rises to 100° or 104°, and remains stationary if all 
goes on favorably. When the liquid has been passed through the shavings 
three or four times, it is completely acetified: this may occupy from 20 to 
36 hours. If the supply of air is deficient, part of the alcohol remains in 
the state of aldehyde, which escapes, and occasions a loss of acetic acid. 
The presence of essential oils, or of pyroligneous acid, prevents the acetiii- 
cation. 

Yinegar is apt to be infested hj flies {Musca cellarus), and by animalcules, 
commonly termed eels ( Vihriones aceti) ; these may be destroyed by passing 
the vinegar through a spiral tube immersed in boiling water, or by heating it 
in a hot-water bath. When vinegar is exposed to air, it gradually becomes 
turbid, or mothery, losing its acidity, and depositing a gelatinous conferva^ 
the vinegar-plant, which, by reason of holding vinegar like a sponge, causes 
acetous fermentation in saccharine liquids. The vinegar becomes weak and 
mouldy as these changes go on, and they are rapid in proportion to its 
weakness. 

The adulteration of vinegar by sulphuric or by hydrochloric acid may be 
detected by nitrate of baryta and nitrate of silver, the precipitates being 
insoluble in nitric acid; but traces of sulphuric acid are found in all vinegars 
(from sulphates in the water), and their presence must be allowed for in 
using the barytic test. If nitric acid is present in vinegar, it destroys the 
color of an acid solution of sulphate of indigo, when boiled with it. In 
order, as it is said, to prevent vinegar becoming mouldy, it is allowed by law 
to contain one-thousandth part of its weight of sulphuric acid. 

The specific gravity of vinegar depends more upon the foreign matters 
which it contains, than upon its actual strength, so that its value cannot be 
judged of by that criterion : the density of the best vinegar is about 1*020 



DISTILLED VINEGAR. PYROLTGNEOUS ACID. 595 

to 1*025. To ascertain the proportion of real acetic acid which it contains, 
it must be cautiously neutralized by carbonate of soda, the quantity of this 
salt requisite for the purpose, indicating the proportion of real acetic acid 
present, 53 parts of dry carbonate of soda being equivalent to 51 of anhy- 
drous acetic acid. The equivalent of carbonate of lime, which is 50, is so 
Bear that of acetic acid, as to furnish a ready mode of ascertaining the value 
of vinegar or other dilute acetic acid. For this purpose a piece of clean 
white marble is selected and accurately weighed ; it is then suspended by a 
thread in a proper quantity of the vinegar to be examined, which is occa- 
sionally cautiously stirred, so as to mix its parts without chipping the marble ; 
this, when it is no longer acted on, is removed, washed, dried, and weighed; 
its loss is equivalent to the acetic acid. Another mode of ascertaining the 
strength of vinegar consists in neutralizing it by hydrate of lime ; acetate 
of lime is extremely soluble, so that the quantity of acetate of lime formed 
and dissolved, is directly as the quantity of acid present, and the density of 
the resulting solution of acetate of lime is in the same ratio. {See J. and 
P. Taylor on an Acetometer, Quart. Journ,^ vi.) '*An ounce of good 
visiegar should saturate about 30 to 32 grains of pure and dry carbonate of 
potassa : such vinegar contains about 5 per cent, of anhydrous acetic acid^ 
and its density is from I'Ol to 1*03." (Liebig.) 

Distilled Vinegar. — -When vinegar is carefully distilled, the first portion 
which passes over usually contains a little alcohol ; this is followed by dilute 
acetic acid, which, towards the end of the process, often acquires an empy- 
reumatie odor ; the residue is brown, acid, and has a burned flavor. Accord- 
ing to R. Phillips (on the London Pharmacopoeia), when the best English 
malt- vinegar, of the specific gravity of 1*024 is distilled, the first eighth part 
which passes over is of the specific gravity 0*99tl2, so that- it contains a 
little alcohol ; a Suid ounce of it, = 1 •804'7 cubic inches, dissolves from 
4 '5 to 5 grains of precipitated carbonate of lime : the next six-eighths have 
the specific gravity 1*0023, and a fluid ounce dissolves 8 '12 grains of the 
carbonate; a fluid ounce of the acid, of specific gravity 1-007, dissolves 15 
to \% grains of precipitated carbonate of lime, or 13*8 grains of marble. 

Distilled vinegar is colorless, and it has not the agreeable flavor and odor 
of the original vinegar ; it contains a trace of alcohol and of acetic ether, 
and also a peculiar organic matter. When distilled from a copper-still 
through a pewter worm, it becomes discolored by sulphuretted hydrogen 
from the presence of traces of copper, lead, or tin, so that silver or earthen 
eondensers are used by the wholesale distillers. 

Fyroligneous Aoid.— -The production of vinegar by the destructive dis- 
tillation of wood, was one of the numerous discoveries of Glauber ; and a 
large quantity of acetic acids, of all strengths, is now derived from this 
source. The wood is heated in iron retorts, connected with a proper con- 
densing apparatus, and the inflammable gaseous products are conducted into 
the furnace, so as to serve as fuel. The hard woods, such as beech, oak, 
birch, and ash, are selected, and previously dried. The liquid products are 
water, wood-spirit, or naphtha, tar, and acetic acid (p. 565) : these are 
drawn off from the floating tar, and distilled, when the wood-spirit first 
passes over, and afterwards the acetic acid, still, however, very impure from 
the presence of tar and other matters. This impure acid is then saturated 
either by soda or by chalk, and the acetate so formed is carefully heated, so 
as to decompose or expel the tarry matters without decomposing the salt, 
which is then further purified by solution and crystallization, and ultimately 
decomposed by distillation with sulphuric acid diluted with about half its 
weight of water. The acetic acid which passes over is purified by redistil- 
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lation. The sulphate of soda resulting from this process maybe used to 
convert the crude acetate of lime to acetate of soda and sulphate of lime, 
when chalk has been used for the saturation of the crude acid. 

The purest acetic acid, obtained by the decomposition of an acetate by 
sulphuric acid, contains an atom of water (HO, Ac), which, in the formation 
of the neutral acetates, is replaced by an atom of bas6; 

For our knowledge of the anhydrous acid (C4II3O3), we are indebted to 
Gerhardt. It may be obtained by distilling 8 parts of dry acetate of potassa 
with 3 of oxychloride of phosphorus ; the distillate is returned upon the 
residue and redistilled, and the product again rectified. 

Anhydrous acetic acid, sometimes represented as the teroxide of the com- 
pound radical acetyle (O4H3), is a colorless liquid, of a peculiar odor ; (sp. 
gr. r07); its boiling-point is 280^, and the sp. gr. of its vapor is 3 -47. 
When dropped into water, it falls to the bottom like heavy oil, but soon 
dissolves on agitation ; it readily absorbs moisture when exposed to air. 
Acted upon by potassium it evolves hydrogen, and forms acetate of potassa, 
and an oily product of an agreeable odor. It dissolves chloride of phos- 
phorus, producing phosphorous acid and oxychloride of acetyle. 

Monohydrated Acetic Acid or Glacial acetic acid (C4H3O3HO). — This is 
obtained by distilling 1 equivalent of fused acetate of soda with 2 equivalents 
of sulphuric acid, and placing the distillate in ice ; the congealed product 
is then suffered to drain, by inverting the bottle, and in that frozen state, it 
is the pure monohydrated acid. Its crystals are plates or tufts, which fuse 
at about 50^. It has a strong pungent odor, agreeable when diluted, and is 
powerfully acid and caustic, reddening and blistering the skin. It boils at 
2430, and its vapor is inflammable : it absorbs moisture from the air, and 
dissolves in all proportions in water. The sp. gr. of the liquefied crystal- 
lized acid is 1-0635 at 62^, and this density increases on dilution, until the 
acid contains I equivalent of anhydrous acid to 3 of water, when it is 1'0'I3; 
on further dilution, its density diminishes, and when it consists of about 
equal weights of the acid and water, its sp. gr. is 1-063, or the same as that 
of the undiluted acid. 

The monohydrated acid does not attack carbonate of lime until it is dilut- 
ed; and when mixed with alcohol, it neither reddens litmus nor decomposes 
many of the carbonates (p. 543.) It is partially decomposed by passing it 
through a red-hot porcelain tube, yielding acetone, carbonic acid, and water. 

2(C4H40J = CeHgO^ + 200^ + 2H0 

Its entire -decomposition is only effected at a very high temperature; but 
when its vapor is passed over heated platinum-black, it is resolved into equal 
volumes of carbonic acid and light carburetted hydrogen {Qfifi^=%QO^-{' 
2CH,). 

Action of Chlorine on Acetic ^aW.— When chlorine is passed through a 
mixture of 2 parts of glacial acetic acid and 1 of water (taking care to 
exclude the direct rays of the sun), it is slowly absorbed, and a compound 
is formed which has been termed chloracetic acid, =H0,C4H303C1 : it is 
stated to produce definite salts, in which, when dilute, nitrate of silver gives 
no precipitate. This chloracetate of silver forms shining scales, soluble in 
water, and decomposed by light. 

When glacial acetic acid is exposed to' the action of gaseous chlorine, 
under the rnfluence of the sun's rays, white deliquescent flocculi are formed 
=110,0^01303. This compound has been termed trichloracetic acid; in it 
the hydrogen of the anhydrous acetic acid is replaced by chlorine, but the 
reaction is more complex, inasmuch as chlorocarbonic, carbonic, and oxalic 
acids, are at the same time formed. This acid forms salts which are soluble 
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in water, and which, when heated, evolve chlorocarbonic acid and carbonic 
oxide, and leave a chloride. 

M0,C4Cl303 = MCI + 2(C0,C1) + 2C0 

Sulphacetic Acid. — When acetic acid is acted on by anhydrous sulphuric 
acid, it loses 2 atoms of water, and a new acid =C4ll303,2S03,2HO, results : 
it forms deliquescent crystals, and bibasic salts. 

Acetates. — These salts are very numerous, and many of them of much 
importance in the arts. The neutral acetates, =MO,C4H303, are all soluble 
in water ; acted on by sulphuric acid they evolve acetic acid, recognized by 
its odor. They are mostly reddened by perchloride of iron. They are de- 
composed by a red heat, some of them giving off the acid and leaving the 
metal, such as the acetates of copper and of silver ; some give off acetone 
and leave a carbonate, and some, which require a higher temperature for 
decomposition, afford acetone and other more complex products. 

Acetate of Ammonia, obtained by neutralizing distilled vinegar by 
ammonia, has long been used in medicine, under the name of Spirit of 
Mindererus, When boiled, ammonia passes off and a hinacetate is formed. 
These salts are very soluble in water and in alcohol, and are crystallized with 
difficulty.-— -^ice^a^e of Potassa is very deliquescent ; soluble in its weight of 
water at 60°, and in twice its weight of alcohol. When carefully fused, it 
concretes into a lamellar mass on cooling, the Wra foliata tartari, or febri- 
fuge salt of Silvius, of old pharmacy. It is present in the sap of many 
vegetables, and is a source of the carbonate of potassa found in their ashes. 
The aqueous solution of this acetate is not decomposed by carbonic acid ; and 
a current of that gas passed through its alcoholic solution, precipitates 
carbonate of potassa, and sets free acetic acid (p. 50). Like the acetate of 
soda, it is decomposed when heated with caustic potassa or lime, and re- 
solved into carbonate of potassa and Marsh gas (p. 246). Acetate of soda 
is largely manufactured as a source of acetic acid, by the action of sulphate 
of soda on acetate of lime (NaO,S03, + CaO,Ac=NaO,Ac, + CaO,S03), 
(p. 596). It crystallizes in rhombic prisms with 6 atoms of water. It bears 
a dull red heat without decomposition. — Acetate of haryta forms efflorescent 
crystals with 1 atom of water, if obtained at 80°, but 3 if at 32°. By heat 
this salt is resolved into carbonate of baryta and acetone, 2(BaO, 0^11303= 
(BaO,CO2)+(C0H(;O3). — Acetate of lime forms silky prisms, soluble in water 
and in alcohol. When heated to about 230° and triturated, it is phospho- 
rescent. — Acetates of alumina, prepared by decomposing solutions of sulphate 
of alumina or of alum by acetate of lead, are extensively used as mordants, by 
calico-printers. These acetates have been minutely examined by Mr. Crum 
{Q. J. Chem. jSoc, vii.) — Protacetate of iron, obtained by the action of acetic 
acid on the protosulphide, out of contact of air, forms white silky crystals. The 
peracetate, made by digesting iron turnings in the acid exposed to air, is 
a deep red solution, not crystallizable. It is used by dyers and calico- 
printers. — Acetates of copper constitute the varieties of verdigris. The 
common verdigris of commerce is a hydrated dibasic salt =2(CuO),Ac, 
3H0 : it is prepared by exposing plates of copper to the action of acetic 
acid. The method now practised consists in alternating plates of copper 
with pieces of woollen cloth steeped in acetic acid ; they gradually become 
covered with verdigris, which is removed in the form of a blue-green powder, 
and the operation repeated as long as the plate lasts! Sometimes husks and 
stalks of grapes or raisins, in a state of acetous fermentation, are employed 
to act upon the copper, as is the case with some of the French verdigris. 
This article is commonly packed in leather, and frequently adulterated with 
a mixture of chalk and sulphate of copper. Pure diacetate of copper forms 
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small silky crystals of a greenish-blue color, which when heated at 212^, 
become green, and lose water : when moistened, this salt crumbles, and is 
only partially soluble in water, by which it is resolved into irihasie and 
neutral acetates. The neutral acetate of copper {crystallized verdigris^ is 
made by dissolving common verdigris in acetic acid, and allowing it to 
crystallize upon twigs or pieces of string: it forms blue-green prisms, soluble 
in 5 parts of boiling water, and sparingly in alcohol. When its dilute solution 
is boiled, it deposits a tribasic salt : if boiled with sugar, a crystalline pre- 
cipitate of suboxide of copper is formed. — Acetates of lead. When oxide 
of lead is dissolved in excess of acetic acid, prismatic crystals are obtained 
on evaporating the filtered solution =PbO, 0^11303,3110. This salt, knowo 
as sugar of lead, generally occurs in the form of a crystalline mass, slightly 
efflorescent, soluble in less than two parts of water, and in about 8 parts of 
alcohol. When heated, it first becomes anhydrous, then fuses, and at a 
higher temperature is converted into a suhsesqmacetate =3(PbO),2(C4Hg 
O3), soluble in water and alcohol, and having an alkaline reaction. Wheo 
1 parts of litharge and 10 of sugar of lead are boiled together in 80 parts 
of water, a solution of a tribasic acetate =(3(PbO),C4H303) is formed^ 
known in pharmacy as Goulard^s extract of lead; this salt may be obtained 
in acicular crystals, having an alkaline reaction. Its decomposition by car- 
bonic acid, is one of the processes for making white lead, has been elsewhere 
noticed (p. 402). This subacetate is a delicate test for the presence of 
carbonic acid, which it absorbs from the atmosphere, or from any liquid 
containing it : even distilled water is seldom so free from carbonic acid as 
not to be rendered turbid by the addition of a few drops of this salt, and 
with all spring and river water it forms a more or less turbid white mixture. 
When excess of minium is heated in glacial acetic acid to about 105^, the 
solution deposits prismatic crystals on cooling, composed of peroxide and 
acetate of lead; they are very unstable, and on attempting to dry them are 
decomposed into peroxide of lead and acetic acid. Acetate of suboxide of 
mercury (Hg30,Ac,) is formed by mixing solutions of acetate of potassa and 
nitrate of suboxide of mercury ; it forms micaceous crystalline plates requir- 
ing 600 parts of cold water for solution. The acetate of the red oxide is 
readily soluble. Acetate of silver is deposited in lamellar crystals when acetic 
acid is added to a strong solution of nitrate of silver ; and it is abundantly 
precipitated from the nitrate by acetate of soda. This, and the preceding, 
are the only difficultly soluble neutral acetates. — Acetate of uranium forms 
a series of double salts with basic acetates, which have been described by 
Wertheim. (Ann. Ph. et Gh,, Seme ser. xi. 49.) 

Characters of Acetic Acid and the Acetates. — 1. Acetic acid at ordinary 
temperatures is liquid, and has a powerful and peculiar odor. 2. It is 
entirely volatile if pure, and the vapor of the concentrated acid is combustible, 
burning with a pale reddish flame. 3. It is not precipitated by lime-water, 
acetate of lead, or nitrate of baryta or silver, if free from sulphuric and 
hydrochloric acids. 

An acetate may be identified by boiling it with sulphuric acid : the vapor 
of acetic acid is evolved. This may be recognized by its odor, volatility, 
and acid reaction. Acetic acid sometimes contains lead, silver, or copper, 
as an impurity. The first may be detected by sulphuretted hydrogen, pro- 
ducing a brown color : the second by the action of the gas, and the produc- 
tion of a white precipitate by hydrochloric acid : the third by the action of 
ammonia (p. 394). Acetate of soda may be present in the acid : this is 
detected by the yellow color imparted to flame. 

Acetone (CgHgOa). — This product is obtained when acetate of lime is 
distilled with excess of quicklime, or when 2 parts of acetate of lead and 1 
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of lime, well mixed, are heated in an iron retort connected with a proper 
condensing apparatus. The distillate is rectified, and finally redistilled from 
a water-bath. Pure acetone is a colorless liquid of a peculiar aromatic 
odor and pungent taste. Its sp. gr. 0-^92; it boils at 132°; the sp. gr. of 
its vapor is 2 022 ; it dissolves in all proportions in water, alcohol, and 
ether ; but chloride of calcium and caustic potassa separate it from its 
aqueous solution. It is very inflammable and burns with a bright flame. By 
the action of chlorine upon acetone, three substitution-products are obtained, 
in which 2, 3, and 4 atoms of its hydrogen are replaced by chlorine. 

Formic Acid (C3H,03,H0) 

was first noticed, in 16t0, in the body of the red ant (Formica rufa) and was 
obtained by distilling the bruised insects with water. It may be artificially 
produced by many processes founded upon the oxidation of various organic 
products. Dobereiner procured it by the distillation of 10 parts of starch, 
3Y of peroxide of manganese, 30 of water, and 30 of sulphuric acid, until 30 
parts had passed over : or by distilling a mixture of 10 parts tartaric acid, 
3 of peroxide of manganese, 3 of sulphuric acid, and 3 of water. In these 
eases, capacious retorts must be used, to allow of the effervescence which 
ensues. The acid distillate, which is very dilute, is saturated with carbonate 
of lead, and the resulting formate of lead purified by crystallization during 
the cooling of its solution in boiling water ; it is then decomposed, either by 
an equivalent of sulphuric acid, or by the action of sulphuretted hydrogen. 
Formic acid has also been obtained by distilling a mixture of oxalic acid, 
and glycerine, at a temperature of about 212^ ; in this case, the oxalic acid 
is resolved into formic and carbonic acids. 

2(H0,CA) = (HCCHOe) + 2(C0,). 
The glycerine remains unchanged, provided the temperature does not exceed 
220°. There is reason to believe that the poison of the wasp and bee, as well 
as that of the vesicles on the leaf of the stinging-nettle {Urtica dioica)^ is 
formic acid in a concentrated state. 

Monohydrated formic acid is a very acrid fuming liquid, of the sp. gr. 1*22; 
crystallizable below 32^, boiling at about 220^, and yielding an inflammable 
vapor, the density of which is 2*125. The anhydrous acid has not been 
isolated. It is easily converted by oxidation into carbonic acid and water : 
when boiled, either with oxide of mercury or oxide of silver, this oxide is 
reduced, with the escape of carbonic acid, (2AgO, + C3H204,=2Ag,-f 2C0a, 
-f 2H0). Chlorine converts it into carbonic and hydrochloric acids (C2H3O4, 
4-2Cl,==2C03+2HCl). Formic acid is frequently represented as the 
teroxide of the compound radical formyle (C2H-4-O3). Its elements are in 
the proportions to form 2 atoms of carbonic oxide and one of water, 
(C2H03==2CO-fHO). 

Formates, — The neutral formates are==(MO,C3H03). They are all solu- 
ble : when heated with excess of sulphuric acid, they yield carbonic oxide 
and water ; and with caustic potassa they evolve hydrogen, and are changed 
into carbonates. — Formate of ammonia^ when heated to about 400^, is resolved 
into hydrocyanic acid and water, ^B.fi,0^O^^{Q^^,B)-\-^^O.— For- 
mate of lead, when heated to about 3^5°, evolves carbonic acid and hydrogen, 
and leaves metallic lead : it requires 40 parts of cold water for solution, 
but is very soluble in boiling water. — Formate of copper crystallizes in large 
blue prisms : it forms double salts with the formates of baryta and of strontia. 

Characters of Formic Acid. — This acid may be identified by its odor, vola- 
tility, and its reducing power on the salts of silver and gold. 
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Benzoic Acid {G^^B.,0^,BiO). 

This substance is found ready formed in benzoin, the resinous exudation 
of the Styrax benzoin^ a tree growing in Sumatra, Borneo, and Java. Tolu 
and Peru Balsam also contain it, in common with Ginnamic acid ; and it is 
a product of the oxidation of bitter-almond oil. It is found in the pods of 
the Vanilla. It is generally obtained from benzoin, either by sublimation, 
or in the humid way, by the action of bases: the amount of the product is 
various, depending upon the quality of the benzoin, upon the process selected, 
and the care with which it is conducted; it fluctuates from 4 to 10 per cent. 
The process usually resorted to consists in coarsely pulverizing the benzoin, 
and heating it in a shallow vessel, over which a sheet of coarse blotting-paper 
is stretched, surmounted by a cone of thick paper, or by a wooden receiver, 
if the operation is carried on upon the large scale. The layer of benzoin 
should not be more than two or three inches in thickness, and the heat 
gradually and regularly applied, so as slowly to sublime the acid, the vapor 
of which, passing through the bibulous diaphragm, condenses in a crystalline 
form in the cone or recipient, empyreumatic oil at the same time evolved, is 
retained and absorbed by the paper. (Mohb.) Benzoic acid may also be 
obtained by triturating benzoin with half its weight of hydrate of lime, and 
adding 10 parts of water; after the mixture has digested for some hours, 
it is boiled and filtered : the filtrates are then concentrated, and saturated, 
whilst hot, by hydrochloric acid; on cooling, benzoic acid is deposited, which 
must be again dissolved and crystallized. (Scheele.) 

Benzoic acid is inodorous; bat, as it is obtained by sublimation, it has an 
agreeable odor, derived from a trace of volatile oil; it generally forms aci- 
cular crystals. It has a slightly sour and acrid taste. It melts at about 
250^, and on cooling, congeals into a crystalline mass. At about 295^ it 
sublimes : about 460^ it boils, and forms an acrid vapor, the sp. gr. of which 
is 4*26. This acid requires 200 parts of water at 60°, and 30 parts at 212^, 
for its solution ; the saturated boiling solution concretes on cooling into a 
crystalline mass. It dissolves in about twice it weight of alcohol, and is 
precipitated on dilution with water. It also dissolves in ether, and in fixed 
and volatile oils. In its usual crystalline form it contains an atom of water, 
its equivalent being 122 ; that of the anhydrous acid is 113. 

It has been found convenient, in reference to the numerous compounds of 
the benzoic series, to regard them as derived from a compound radical, to 
which the term Benzoyle has been applied ; and which has been obtained, 
in the form of an oil, by the dry distillation of benzoate of copper; its for- 
mula is Q^Jlfi^,=^7>. It is obvious that benzoic acid {^^J^fi^+O) may 
be regarded as an oxide, and bitter-almond oil (C^fifi^-\-^) as a hydride 
of this radical, and that it may be assumed as the basis of the numerous de- 
rivatives of those bodies. But the term Benzoyle, or Benzule, is perhaps 
more appropriately confined to the fundamental hydrocarbon (C^^Hs) of the 
series. 

Anhydrous benzoic acid has been obtained by the action of oxyehloride of 
phosphorus on anhydrous benzoate of soda ; it is insoluble in water, but so- 
luble in boiling alcohol and in ether : by continuous boiling in water it reverts 
to the ordinary hydrate. 

Benzoates, — These salts are represented by the general formula MO, C^^ 
H5O3 : they are mostly soluble in water and in alcohol. Benzoate of lime 
dissolves readily in boiling water. Basic benzoate of peroxide of iron is so 
little soluble in water that an alkaline benzoate has been used to precipitate 
iron, and to separate this metal from some other oxides. 

Chlorobenzoic acid is the result of the action of the sun's rays on benzoic 



ESSENTIAL OIL OP BITTER ALMONDS. 601 

acid in dry chlorine. In it an atom of hydrogen is replaced by one of chlo- 
rine, giving Ci^H^OgjCl. There are also two other of these chlorine com- 
pounds, in which 2 or 3 atoms of hydrogen are displaced by a similar number 
of atoms of chlorine. A similar bromine compound has also been obtained. 

Sulphohenzoic acid is the product of the action of anhydrous sulphuric on 
benzoic acid : it is dibasic, and is represented as 2(HO),Ci4H4S308. 

Nitrohenzoic acid (HOjCi^H^OgjNO^) is a compound in which an atom of 
hydrogen is replaced by an atom of nitrous acid. The nitrobenzoates are 
mostly crystallizable and soluble in water and alcohol ; when suddenly heated 
they deflagrate. 

Benzamic acid. Garhanilic acid. Amidohenzoic acid. — This is one of 
the results of the action of sulphuretted hydrogen upon an alcoholic solution 
of nitrobenzoate of ammonia : it is represented as benzoic acid, in which an 
equivalent of hydrogen is replaced by an equivalent of amidogen (G^^H4(N 
H,)03). 

Hydride of Benzoyls. Essential oil of Utter almonds (C14H3O3+H, or 
Cj^HgOg). — Bitter almond oil is obtained by macerating the pulverized 
bitter-almond cake, after the fixed oil has been expressed, in water heated to 
about 100^, for 24 hours, and then distilling; it passes over with the vapor 
of water, and condenses in the form of a heavy oil, the supernatant water 
holding a portion of it in solution. This oil is combined with hydrocyanic 
acid, and is therefore, as well as the bitter almond water, very poisonous. 
It may be obtained also from peach and apricot kernels, from the leaves of 
the laural (Prunus laurocerasus)^ and from the bark of the wild cherry 
(Primus padus). To free it from hydrocyanic acid, the oil may be agitated 
with milk of lime and a solution of protochloride of iron, and redistilled. 

Pure bitter-almond oil is a colorless liquid of a peculiar and agreeable 
aromatic odor and a pungent flavor. It is not poisonous, and as it is much 
used in confectionery and cookery, care should be taken that for such pur- 
poses its purification has been adequately performed. Its boiling-point is 
about 350*^. It is easily inflammable, and burns with a bright sooty flame. 
It is soluble in about 30 parts of water, and in all proportions in alcohol and 
ether. Its alcoholic solution constitutes the Essence of hitter- almonds com- 
monly sold for culinary purposes; it usually consists of one part of the oil 
dissolved in t of alcohol. When this oil is exposed to air it absorbs oxygen 
and is converted into crystallized benzoic acid : Q^JIqO^+O^.^Q^JIqO^. 

Neither bitter-almond oil nor hydrocyanic acid exists ready formed, in the 
almond or sources whence they are obtained, but they are produced by the 
mutual agencies of certain azotized substances, under the influence of water 
and a due temperature ; these substances are amygdaline^ and emulsin or 
synaptase. 

Amygdaline (0401137032^) is found in bitter-almonds, in the leaves and 
berries of the cherry laurel, and the bitter kernels of the species of amygdalus 
and prunus. To obtain it, the pulverized cake of bitter-almonds which re- 
mains after the expression of the fixed oil, is boiled in repeated portions of 
alcohol of sp. gr. 0*820. These alcoholic liquids are then distilled in a 
water-bath, till the residue acquires a syrupy consistence, when it contains 
little else than amygdaline and sugar ; to get rid of the latter, the liquor is 
diluted with water, and a little yeast having been added, it is placed in a 
warm situation, to ferment; when the fermentation has ceased, the liquor is 
filtered, and again evaporated to the consistence of syrup ; excess of cold alco- 
hol is then added, which throws down the amygdaline in the form of a white 
crystalline powder. From three to four per cent, is thus obtained from 
bitter-almonds. Amygdaline is readily soluble in water, and the crystals de- 
posited from its saturated aqueous solution are transparent prisms, contain- 
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ing 10 -ST per cent, of water (= 6 atoms). It is inodorous and slightly 
sweet and bitter. When acted on by fixed alkalies, it evolves ammonia and 
forms amygdalic acid. 

J^4oH27022N^ + KO,HO + HO = = KO,C, oH,A, J- NH3 
Amygdaline. Amygdalate of potassa. 

The action of emulsine upon amygdaline in the production of bitter-almond 
oil, was first explained by Wohler and Liebig. When a solution of 10 parts 
of amygdaline in 100 of water is mixed with a solution of 1 part of emulsine 
in 10 of water, the mixture becomes opalescent, acquires the odor of bitter 
almonds, and, when distilled, yields hydride of benzoyle and hydrocyanic 
acid ; these changes ensue most rapidly at a temperature between 85^ and 
105°. Boiling water and boiling alcohol destroy the action. 

When expressed bitter-almonds are moistened and triturated with water, 
the same reaction ensues j and if water enough be present to dissolve the oil 
as it is formed, the whole of their amygdaline disappears : to obtain the full 
proportion of oil, 1 part of bitter-almond cake should be macerated for 24 
hours in 20 parts of water, at about 100°, and then subjected to distillation. 
Seventeen grains of amygdaline dissolved in an ounce of emulsion of sweet 
almonds, yield a solution containing 1 grain of anhydrous hydrocyanic acid. 

In the fermentative changes which ensue during the mutual action of emul- 
sine and amygdaline under the conditions above stated, bitter-almond oil and 
hydrocyanic acid are not the only products; sugar and formic acid are also 
formed. The general result may be represented as follows : — 



1 atom of amygdaline, \ 



1 atom of hydrocyanic acid . Cg H N 

2 " hydride of benzoyle CggHj^O^ 

J " sugar Ce Hg O4 

2 " formic acid . . . C4 Hg Og 
6 " water H^ 0^ 



Action of Ammonia on Hydride of Benzoyle. — By agitating bitter-almond 
oil with ammonia and heating the mixture, a crystalline compound is formed, 
hydrohenzamide (Ci^H^gNg) : it is changed by the action of potassa into an 
isomeric basic body, henzoline or amarine^ the salts of which are intensely 
bitter. Some other azotized compounds are similarly produced. 

When crude bitter-almond oil (retaining hydrocyanic acid) is digested with 
an alcoholic solution of caustic potassa, it is converted into a crystalline 
product, which has been termed Benzoine^ represented as —(j^fi^S^^, and 
therefore isomeric with the hydride of benzoyle ; but it is inodorous and 
tasteless. When its vapor is passed through a red-hot tube, it is resolved 
into bitter-almond oil. This curious product has been represented by the 
formula CggH^^O^,!!, as the hydride of a radical, =C38H^i04, called siilhyL 
For further details in reference to these, and many other compounds derived 
from or connected with bitter-almond oil, we must refer to Laurent (Ann. 
de Ohim. et Ph., I. 291, Seme ser.) and to Gerhardt (Ghim. Organ). 

HiPPURic Acid (C^gHgOsN, + HO) . 

This acid is contained in the urine of herbivorous mammifera, and in small 
quantity in human urine, in which it may be produced by the use of benzoic 
acid : in passing through the system this is converted into hippuric acid. It 
may be obtained by adding milk of lime to fresh cow's urine, boiling, fil- 
tering, neutralizing the filtrate with hydrochloric acid, and evaporating it to 
about one-eighth of its bulk ; excess of hydrochloric acid is then added, 
which throws down impure hippuric acid. It may be purified by dissolving 
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it in boiling alcohol, which on cooling deposits it in colorless four-sided 
prisms with pointed terminations. It requires about 500 parts of water for 
its solution : it is abundantly soluble in boiling water and in alcohol, but 
less so in ether. It fuses when heated, and concretes into a crystaHine mass 
on cooling. When long boiled with dilute nitric or hydrochloric acid, it 
yields benzoic acid and gelatine-sugar (glycocol or glycocine). Boiled with 
peroxide of lead, carbonic acid and benzamide (C^^HgOjNHJ are formed. — 
Hippurates. Those of the alkalies and earths are soluble and crystallizable ; 
they give white precipitates in solutions of lead, mercury, and silver, and a 
brown precipitate with persalts of iron. 

Meconic Acid (C,,H0,„3H0). 

The existence of a distinct acid in opium was announced by Seguin in 
1804, and shortly afterwards by Sertuerner, who gave it the above name 
(from p-^jcGii^, poppy). It may be most conveniently extracted from the pre- 
cipitate obtained by adding chloride of calcium to infusion of opium, in the 
process for procuring morphia. This precipitate is washed first in water, 
and then with hot alcohol, and mixed with ten times its weight of water, at 
195°; hydrochloric acid is then gradually added, so as to dissolve the me" 
conate of lime (which forms the bulk of the precipitate) and leave the sul- 
phate of lime ; the solution is filtered, and on cooling deposits crystals of 
himeconate of lime : these are again dissolved in hot dilute hydrochloric 
acid, by which the lime is abstracted, and crystals of meconic acid obtained, 
which, if pure, should leave no residue when burned : they must be redis- 
soived in the acid, and recrystallized, till they are obtained in this state, but 
care must be taken to keep the temperature of their solutions below 212°. 

Meconic acid crystallizes in transparent and micaceous scales of an acid 
taste, soluble in 4 parts of hot water, and in alcohol. The crystals are per- 
manent in the air, but when heated to 212° they lose 21*5 per cent, of water : 
they then sustain a temperature of 240° without decomposition ; but if a 
strong aqueous solution of the acid is boiled, it becomes dark colored, car- 
bonic acid is evolved, and oxalic acid and comenic (metameconic) acid are 
formed, together with a brown product. Boiled in hydrochloric acid, me- 
conic acid is resolved into carbonic and comenic acid. 

One of the principal characters of this acid and of its salts, is that of 
forming a compound with the peroxide of iron of an intensely red color, 
very similar to that of the sulphocyanide of iron, but differing in the fact 
that a solution of corrosive sublimate does not destroy the red color ; hence 
a persalt of iron is an excellent test of its presence, and by it, opium may 
sometimes be recognized, when the quantity is so small as to render the mor- 
phia very difficult of detection. The red color is destroyed by heat, by sul- 
phurous acid, and by protochloride of tin. Meconic acid in solution gives 
a yellowi^-white precipitate with acetate of lead, and this precipitate is not 
dissolved by acetic acid. 
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CHAPTER LIII. 

ALKALOIDS AND ORGANIC BASES. SUBSTANCES ASSO-^ 
CIATED WITH OR DERIVED FROM THEM. 

These are for the most part solid and crystallizable compounds. Some 
are volatile : others are fixed, and are readily decomposed when heated, or 
when brought in contact with chemical reagents. They generally contain an 
atom of nitrogen as one of their ultimate elements ; they have a bitter taste, 
are sparingly soluble in water, more soluble in alcohol, but readily soluble 
in most of the dilute acids as well as in ether and chloroform. With tannic 
acid, and with excess of iodic acid, they generally produce precipitates. They 
are salifiable bases, and their compounds with the acids are decomposed and 
precipitated by the alkalies. The alkaloids are mostly crystallizable, and 
are represented by very high equivalent numbers. They restore the blue 
color to reddened litmus. They are found in plants united to certain acids, 
and usually forming neutral or acid salts, which, as well as their artificial 
combinations, are decomposed in the voltaic circle, and the base is evolved 
at the negative pole. Many hypotheses have been built upon the ultimate 
composition of these alkaloids, and some curious analogies pointed out 
respecting them by Liebig, Dumas, and others. 

In consequence of the analogy that pervades these principles, one general 
method of separating them is applicable to all, though each may require 
peculiar modifications of it. The substance which contains them is boiled 
in water acidulated by hydrochloric acid, the decoction is filtered and 
neutralized by ammonia, lime, or magnesia, when the alkaloid is precipitated, 
and afterwards separated and purified by alcohol or ether. Much of the 
history of these bodies is connected with Materia Medica. We shall here 
examine them simply in reference to their chemical properties. 

Morphia (C35H,o06N+2HO=M + 2HO). 

In order to procure this alkaloid, a filtered solution of opium in tepid 
water is mixed with acetate of lead in excess ; the precipitated meconate of 
lead is separated by a filter, and through the solution, containing acetate of 
morphia, now freed to a considerable extent from color, a stream of sul- 
phuretted hydrogen is passed. The filtered, and nearly colorlels liquid, 
from which the lead has been removed, may be warmed to expel the excess 
of gas, once more filtered, and then mixed with a slight excess of caustic 
ammonia, which throws down the morphia and narcotine; these may be 
separated by boiling ether, in which the latter is soluble. The meconate of 
lead, well washed, suspended in water, and decomposed by sulphuretted 
hydrogen, yields solution of meconic acid. The quantity of morphia 
obtained from opium is variable ; the produce is greatest from Turkey opium, 
and least from the East Indian and Egyptian. The average is generally 
estimated at about 1 oz. from the pound. Good opium is considered to 
contain ten per cent, of morphia. 

Morphia^ when obtained from its alcoholic solution, is in small brilliant 
and colorless crystals : they are generally six-sided prisms, with dihedral 
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terminations, but their form is a right rhombic prism. When gently heated 
they become opaque and lose water : at a higher temperature morphia fuses 
into a yellow liquid, which becomes white and crystalline on concreting. In 
the air it burns with a bright resinous flame. When heated in a close tube 
it yields ammonia. Morphia, though apparently nearly insoluble in cold 
water, has a bitter taste ; boiling water dissolves not more than a hundredth 
of its weight, but the solution is alkaline to delicate tests. It dissolves in 
40 parts of cold, and 30 of boiling anhydrous alcohol. It is almost 
insoluble in ether and benzole, and is only sparingly dissolved by chloroform ; 
hence the method of separating it from narcotina, which is readily soluble 
in that menstruum. Morphia is soluble in potassa and soda ; hence the 
necessity of avoiding the use of these alkalies in its precipitation. Ammonia 
dissolves it sparingly, so that this alkali ought not to be used in excess. 

Much has been said respecting the methods of detecting morphia by tests ; 
those which are commonly resorted to are nitric acid, which when dropped 
upon crystallized morphia, forms a bright-red solution ; and neutral per- 
chloride of iron, which produces a very characteristic blue color (or blue- 
green), when added to morphia, or to its salts, provided the solutions are 
not very dilute. Iodic acid is, according to Serullas, the best test of the 
presence of morphia ; it produces a reddish-brown color, and the odor of 
iodine is immediately perceptible. The minutest quantity of morphia has 
the property of decomposing iodic acid, but in cases where very small 
quantities are present, it is recommended that a solution of starch should be 
employed to detect the free iodine. 

CoDEiA (C33H,o05N -f 2H0). 

This alkaloid was discovered by Robiquet, in 1832, in the hydrochlorate 
of morphia. On dissolving the mixed hydrochlorates in water, and pre- 
cipitating the morphia by ammonia, the codeia remains in solution and 
crystallizes by subsequent evaporation ; it may be also separated by ether, 
in which it is soluble. According to Pelletier, 100 pounds of opium yield 
6 ounces of codeia. 

Codeia crystallizes in acicular, or flat prisms, colorless and transparent. 
It fuses without decomposition, when heated in a tube to about 300^, and 
the mass crystallizes on cooling. In the air it burns away with a smoky 
flame. Water at 60^ dissolves 1*26 per cent., and at 212^, 5*9 per cent. 
When it is present in larger proportions than the boiling water can dissolve, 
the excess fuses, and remains at the bottom of the solution. Its solution is 
sensibly alkaline to tests. Codeia is soluble in alcohol and in ether, and in 
the dilute acids, and forms distinct and easily crystallizable salts. It is 
distinguished from morphia, by its greater solubility in water and in ether, 
by its insolubility in fixed alkalies, by its not being reddened by nitric acid, 
nor blued by perchloride of iron. 

Narceia {O^I^l^JO^^). Thehaia (C35H14O3N), Papaverine (C^oH^iOgN), 
and Meconine (C10H5O4), are other crystalline principles found in opium. 

ISTarcotina (C^gHg^OigN). 

This well-defined and distinct principle appears to exist in opium in a free 
state : it may be obtained from powdered opium by digesting it in warm 
ether, which takes up little else than narcotina, and yields it in crystals. 
When caustic potassa is added to an aqueous solution of opium, so as just to 
saturate the free acid, the matter which falls consists chiefly of resin and 
narcotine. When all the soluble parts of opium have been extracted by 
water, as in making extract of opium, and in the preparation of morphia, 
the residue, digested in dilute hydrochloric acid, also yields narcotina. 
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Narcoiina is insipid when pure. It fuses at 268^, and when slowly cooled 
concretes into a crystalline mass. It is deposited from its alcoholic or ethe- 
real solution in well-defined rhombic prisms, insoluble in cold, and sparingly 
soluble in hot water; 100 parts of boiling alcohol (sp. gr. 0*825) dissolve 
about 5 parts of narcotina, 4 of which crystallize on cooling : boiling ether 
dissolves about 3 or 4 per cent., of which it deposits more than one-half, on 
cooling. It is soluble in the volatile and fat oils, but insoluble in alkaline 
solutions. It does not render a solution of a persalt of iron blue, nor is it 
reddened by nitric acid. This acid turns it yellow. Sulphuric acid, con- 
taining a mere trace of nitric acid, immediately reddens it most intensely: 
but when mixed with pure sulphuric acid, it acquires a yellow color. A 
particle of an alkaline nitrate added to the mixture brings out a blood-red 
color. It does not decompose iodic acid. Heated on paper over a candle, 
it produces a greasy-looking stain. As it does not 'affect vegetable colors, 
it is easily distinguished from morphia and codeia. It is readily soluble in 
dilute acids, forming salts which are very bitter, and with difficulty obtained 
in the crystalline state, for when evaporated they are mostly decomposed into 
acid and narcotina, and crystals of the latter only separate. This is espe- 
cially the case with the acetate of narcotina, and furnishes a means of 
separating it from morphia, for the latter substance is retained in permanent 
combination and solution. 

+ 
CiNOHONlA. Ginchonine (C2oH^30]S'=Cin). 

This alkaloid is obtained from the principal varieties of pale or gray 
Peruvian bark. It is usually in the form of white semi-transparent crystals, 
requiring about 2500 parts of water at 212*^ for their solution, and are 
almost insoluble in cold water. They have little taste, but become intensely 
bitter upon the addition of almost any acid. They restore the blue color 
of reddened litmus. They are sparingly soluble in cold alcohol, ether, and 
fixed oils; but more abundantly soluble in boiling alcohol : the solution 
deposits crystals on cooling, and becomes milky when dropped into water. 
It forms with acids a large number of salts. 

+ 
QuiNiA. Quinine (C2oH^2^2^,==Q). 

Quinia is generally obtained from yelloiv hark. It almost always contains 
more or less cinchonia : these alkaloids may be separated by solution in 
alcohol, which, when duly evaporated, deposits the cinchonia in crystals, 
while the quinia, being more soluble, remains in solution : by one or more 
repetitions of this process, it may be freed from cinchonia. If they are con- 
verted into sulphates^ the sulphate of quinia, being less soluble than the 
sulphate of cinchonia, crystallizes, and leaves the latter salt in solution. 
Sulphate of quinia, which is abundantly prepared for medicinal use, is the 
most ready source of the alkaloid ; it is obtained by adding ammonia to a 
solution of that salt, when it falls in white flakes, which unless very carefully 
dried, are apt to become brown. Quinia is very difficult of crystallization ^ 
but it has been obtained in crystals by slowly evaporating its alcoholic solu- 
tion by exposure to cold dry air. 

Quinia has a decided alkaline action; it is intensely bitter; very sparingly 
soluble, even in boiling water, of which it requires about 200 parts for its 
solution. It is readily soluble in boiling alcohol, and the solution, when 
evaporated, leaves it in the form of a viscid mass, which indurates and 
acquires a resinous aspect on exposure to air. It is more soluble than cin- 
chonia in chloroform and ether. It forms distinct salts with the acids. 
When anhydrous quinia is heated in a tube, it fuses, becomes thick, viscid, 
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and dark-colored, an oily liquid evaporates, ammoniacal and hydrocyanic 
vapors follow, and a bulky carbonaceous matter remains. 

The Salts of quinta are for the most part crystallizable, and are generally 
less soluble in water, and more bitter than the salts of cinchonia ; they are 
also soluble in alcohol. The aqueous solution has a peculiar bluish opaline 
appearance, as a result of fiuorescence. They are liable to acquire a yellow 
or brown tint by long exposure to solar light. In this altered state they 
form the substance called quinoidine — a mixture of several basic compounds, 
including quinidine (C40H24O4N34-4IIO), isomeric with quinine. It is ex- 
tracted by ether. These different bases of Peruvian bark are combined in 
the plant with a peculiar crystallizable acid, called the Cinchonic or Kinic 
acid (CyHA^HO). 

Strychnia (C^^H^p^^NTa). 

The following is Merck's process for the extraction of this alkaloid. The 
seeds of oux vomica are boiled for 24 or 86 hours in a closed boiler, with 
water enough to cover them, acidulated by one-eighth of its weight of sul- 
phuric acid; they are then bruised and beaten into a paste, and the liquor 
well expressed. Excess of caustic lime is then added to it, and the precipi- 
tate, having been pressed, is boiled in alcohol of sp. gr. -850, and filtered 
hot ; strychnia and brucia are deposited together in a colored and impure 
state, and may be separated by cold alcohol, which dissolves the brucia. 
The remaining strychnia is then boiled in alcohol with a little animal charcoal, 
and the solution filtered boiling hot ; on cooling, the strychnia crystallizes. 
The same process is applicable to the Ignatius' beans. 

Strychnia is a powerful poison, destroying life in the dose of half a grain. 
It is a white crystalline solid, neither fusible nor volatile, but easily decom- 
posed by heat, yielding ammonia, in close vessels. It requires 7000 parts 
of cold and 2500 of boiling water for solution : the intensity of its bitterness 
Is such, that an aqueous solution which does not contain more than a forty- 
thousandth of its weight of strychnia is sensibly bitter. It is soluble in 
common alcohol, especially at its boiling temperature, and readily crystallizes 
in quadrangular prisms and octahedra from this solution. Absolute alcohol 
and ether scarcely dissolve it when quite free from acid. It is dissolved by 
chloroform and benzole, and separated from water by these solvents when an 
alkali is added to a solution of a salt of strychnia, f't is dissolved by the 
acids, forming colorless and crystallizable salts. It is not soluble in the 
alkalies. Mtric acid does not color strychnia or its salts, if free from brucia ; 
but it frequently reddens them, owing to the presence of traces of brucia. 

When a minute quantity of strychnia is moistened with a drop of con- 
centrated sulphuric acid, the strychnia is dissolved without any peculiar 
color, but if a minute quantity of the peroxide of lead or manganese, of 
bichromate of potassa, or ferricyanide of potassium, is added, a fine blue tint 
is developed, which passes into violet and red, and after some hours into a 
pale yellow color. This reaction is characteristic of strychnia. The peroxide 
of manganese in small quantity is preferable for this experiment. A strong 
solution of strychnia gives crystalline precipitates with sulpbocyanide and 
ferricyanide of potassium. The latter when touched with sulphuric acid, 
develops the colors. (Horsley.) 

This alkaloid perfectly neutralizes the acids, and forms soluble and very 
bitter and poisonous salts : they are mostly crystallizable. The caustic 
alkalies throw down from their solutions a white precipitate of strychnia, 
which may be dissolved and removed by agitating the liquid with twice its 
bulk of ether or chloroform. This is the process usually pursued for the 
extraction of strychnia in cases of poispning. The liquid is acidulated, 
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concentrated in a water-bath, rendered alkaline by potassa, and then shaken 
with two volumes of ether. The ethereal liquid poured off, and sponta- 
neously evaporated, leaves stryehnia. The salts of strychnia are precipitated 
by tincture of galls. 

Brucia (C^AsOyN^). 

This alkaloid is most abundantly procured from the bark of the Stryehnos 
nuX'Vomica^ commonly called false angustura. This bark is coarsely pow- 
dered, and, having been previously digested in ether to free it from fatty 
matter, is treated by alcohol, the alcoholic solution evaporated, and the 
residue dissolved in water saturated with oxalic acid, and evaporated to 
dryness. Alcohol digested upon this residuum dissolves coloring matter, and 
leaves pure oxalate of hrucia^ which may be decomposed by lime, and the 
brucia dissolved out by boiling alcohol, from which, by slow evaporation, it 
is obtained in crystals. 

Brucia forms either prismatic or foliated crystals, according as it has been 
slowly or rapidly deposited : it is soluble in about 850 parts of cold, and in 
500 of boiling water. Sometimes, on precipitating a salt of brucia by 
ammonia, the alkaloid separates in the form of an oil, which after a time 
concretes, if left in contact with water. The taste of brucia is strongly and 
permanently bitter : its poisonous action resembles that of strychnia, but it 
has only one-sixth of the power. It is very soluble in alcohol, but insoluble 
in ether, and in the fat oils : it is sparingly soluble in essential oils. It forms 
soluble salts with the acids, which are mostly crystallizable ; they are bitter, 
and are decomposed not only by the alkalies, but by morphia and strychnia, 
both of which precipitate the brucia. Brucia is strongly reddened by nitric 
acid, and the color changes to violet when the liquid is warmed and proto- 
chloride of tin added. It is distinguished from strychnia by its not pro- 
ducing the blue and purple colors when mixed with sulphuric acid and 
peroxide of manganese. 

Strychnia and brucia as they exist in the vegetable structure, are combined 
with a peculiar acid, called the strychnic or igasuric. 

Yeratria (CsH^^OgN). 

This alkaloid is coAjained in the seeds of the Veratrum sahadilla^ and in 
the roots of the Veratrum alhum^ or white hellebore, united with gallic acid. 
Commercial veratria is not crystallizable ; it has a pungent but not a bitter 
taste, and powerfully irritates the nostrils, causing the most violent sneezing. 
A small dose produces nausea and vomiting. It is a powerful poison. It 
fuses at a temperature of 122*^, and concretes, on cooling, into a translucent 
yellow mass. Boiling water does not take up more than a thousandth part 
of its weight, but it is readily soluble in alcohol, and somewhat less so in 
ether. Chloroform dissolves it in large quantity. Yeratria is characterized 
by its producing, when warmed with diluted sulphuric acid, an intense 
crimson color. 

CoLOHiciA. Colchicina. 

This substance, originally confounded with veratria, has been shown by 
Geiger and Hesse, to exist in the OolcMcum autumnale, as a distinct alkaloid, 
but it has not been analyzed, nor has its atomic weight been determined. It 
exists in the bulb and flowers gathered in July, but is best obtained from the 
pulverized seed, which is digested in alcohol acidulated by sulphuric acid ; 
lime is then added to the liquor, which is filtered, saturated by sulphuric 
acid, and the alcohol expelled by distillation. The remaining concentrated 
aqueous solution having been decojnposed by excess of carbonate of potassa, 
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the precipitate is dried and digested in absolute alcohol. The alcoholic 
solution of the alkaloid is then decolored by animal charcoal, filtered, and 
gently evaporated : the product is afterwards purified by repeated crystalli- 
zations. 

Colchicia is a powerful poison. It crystallizes in colorless needles which 
have a bitter taste and are very poisonous ; it causes purging and vomiting 
in very small doses. It is slightly alkaline and easily fusible. It is rendered 
deep blue by concentrated nitric acid, becoming afterwards olive-colored and 
yellow ; sulphuric acid renders it brown. It is soluble in water, alcohol, and 
ether, and its aqueous solution is precipitated by tincture of iodine, by solu- 
tion of platinum, and by infusion of galls. It neutralizes the acids, and forms 
salts which are mostly crystallizable, permanent in the air, and very bitter 
and acrid. They are soluble in water and alcohol, and their aqueous solu- 
tions are acted upon by reagents similarly to colchicia. When not too 
dilute, the alkalies precipitate the alkaloid. 

AtrOPIA. HyOSCYAMIA. BaTURIA. PiOROTOXIA. 

Atropia is the poisonous alkaloid of the Atropa Belladonna, or Deadly 
nightshade ; Hyoscyamia, of the Hyoscyamus niger ; Daiuria^ of the Datura 
Stramonium, and Picrotoxia of Cocculus Indicus. Aconitina and Digitalia 
are extracted respectively from Aconitum napellus and Digitalis purpurea. 
These alkaloids are all active poisons. Their composition has not been 
accurately determined. There are other alkaloids of less interest, which re- 
quire no particular notice in a chemical point of view. 

The bases hitherto considered contain oxygen. There are two volatile 
alkaloidal bodies, Nicotiua and Conia, which contain no oxygen, 

NlCOTINA (C.oHgN), 

Nicotiua is obtained by boiling dry tobacco leaves in water acidulated by 
sulphuric acid, and evaporating the decoction ; the residue, digested in alco- 
hol, yields a solution of sulphate of nicotina, which, when concentrated and 
distilled with quicklime, furnishes a solution of ammonia and nicotiila. 
Ether abstracts nicotina from this solution, and when a sufficiently concen- 
trated ethereal solution has been thus obtained, it must be deprived of water 
by agitation with chloride of calcium, decanted, and distilled ; the nicotina 
remains in the retort. 

Pure nicotina is a colorless, limpid, oleaginous liquid, having a slight odor 
of stale tobacco ; when it contains ammonia, this odor is very intense. At 
a temperature below 4^5^ it may be slowly distilled, but at that temperature 
it is decomposed; its sp. gr. is 1-048. It is powerfully alkaline to test- 
papers ; it is very inflammable, and burns with a smoky flame. When dis- 
solved in water, caustic potassa separates it in the form of oily drops. 
Ether abstracts it from its aqueous solution. It dissolves in all proportions 
in alcohol and in oils. It is decomposed when heated with hydrate of pot- 
assa. Exposed to air it becomes brown and resinous : it is decomposed by 
chlorine, iodine, and nitric acid. It is eminently poisonous, but does not 
occasion dilatation of the pupil: half a drop killed a rabbit; one drop was 
fatal to a dog ; a tenth of a grain applied to the eye of a cat, occasioned 
violent convulsions and paralysis of the hind-legs, which lasted for an hour. 
Nicotina neutralizes the acids and forms difficultly crystallizable salts, which 
are very soluble in water and alcohol. When it is slightly supersaturated by 
hydrociiloric acid, nicotina gives no precipitate with bichloride of platinum, 
but the mixture, after some hours, deposits acicular crystals. If the nicotina 
39 
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contains ammonia, it occasions an immediate precipitate. The solution of 
nicotina produces a white precipitate with corrosive sublimate. 

CONIA. Gonicina (CigH^e^)- 

It appears from the experiments which have been made upon hemlock^ 
that its active principle resides in a volatile and uncrystallizable alkaloid ; 
its properties have been investigated by Geiger, and by Dr. Chrlstlso'n 
{Edin. Phil, Trans., 1836, p. 383). When the seeds or leaves of hemlock 
are distilled with water, the fluid which passes over has the odor of the plant, 
but is not poisonous; but when caustic lime or potassa is previously added 
to the green seeds or leaves, and these are distilled with water at as low a 
temperature as possible, the liquid which then passes over is both alkaline 
and poisonous. When 10 or 12 lbs of the seeds are worked at once, an oily 
matter comes over at first, which is nearly pure conia, but the greater part 
of the alkaloid is dissolved in the distilled water; if this be redistilled, it 
loses a little of its strength ; but if previously neutralized by an acid, such as 
the sulphuric, the poisonous principle becomes fixed, and water alone distils 
over. The residue consists of sulphate of conia, sulphate of ammonia, and 
resin, the latter being produced by the decomposition of part of the conia. 
To obtain the conia, the above residue is digested in a mixture of 2 parts of 
alcohol and 1 of ether, which leaves the sulphate of ammonia ; and then, the 
alcohol and ether being carefully distilled off, the remaining sulphate of conia 
is heated gently with a little water and caustic potassa, when there is ob- 
tained in the receiver a watery solution of conia in the lower part, and float- 
ing on this, a layer of nearly pure hydrate of conia, containing a trace of 
ammonia ; the water may be abstracted by chloride of calcium, and the am- 
monia by exposure in vacuo. 

Conia thus obtained has the appearance of a colorless volatile oil, lighter 
than water, of a powerful diffusible color, somewhat like that of hemlock, 
and when diluted resembling the smell of mice : it is intensely acrid to the 
taste. It has a strong alkaline action on reddened litmus and on turmeric. 
It is readily soluble in diluted acids, which it neutralizes, but its salts have 
not been crystallized. It is sparingly soluble in water, and combines with 
about a fourth of its weight of water to form a hydrate. 

Conia is a deadly poison to all animals : it first palsies the voluntary 
muscles, then the respiratory muscles and the diaphragm, thus producing 
death by asphyxia. The heart continues to act after other signs of life are 
extinct. Few poisons equal it in subtlety or swiftness ; a drop put into the 
eye of a rabbit, killed it in nine minutes ; three drops, in the same way, 
killed a strong cat in a minute and a half; two grains of conia, neutralized 
with hydrochloric acid, and injected into the femoral vein of a young dog, 
produced almost instant death : in two seconds, or three at farthest, 
and withoiat the slightest warning struggle, respiration had ceased, and with 
it all external signs of life. If conia be present in an extract or other 
preparation, it may be detected by triturating either the solid or liquid with 
a solution of potassa, upon which the odor of mice will be strikingly per- 
ceptible. 

Aniline. Phenylia. (CigHyN). 

This is an artificial base which contains no oxygen. It has been already 
referred to as a product of the distillation of coal. It may be procured by 
distilling indigo with a strong solution of potassa. It is now obtained in 
large quantities, for dyeing and other purposes, by distilling nitrobenzole 
with a mixture of acetic acid and zinc, or iron, in which case, it is decom- 
posed by nascent hydrogen. 



EMETINA AND OTHER BASES. 611 

Aniline when pure is a colorless or oil-like liquid, possessing a very high 
refractive power : it has a strong disagreeable odor, and a hot aromatic 
flavor. It boils, according to Hofmann, at 360° but it evaporates rapidly 
at common temperatures, and the greasy spot which it produces on paper 
quickly disappears ; it remains perfectly fluid at 0° ; its sp. gr. at 60° is 
1 -020, It is soluble to a certain extent in cold water, and the solution 
becomes turbid when heated; it is soluble in all proportions; in alcohol, 
ether, wood-spirit, aldehyde, acetone, sulphide of carbon, and in fixed and 
volatile oils. It has no alkaline reaction on turmeric or on reddened litmus, 
but it changes the violet color of dahlia-paper to green. When a glass rod 
dipped in hydrochloric acid is held over its aqueous solution, white fumes 
are produced, resembling those formed by ammonia. Aniline dissolves 
sulphur when aided by heat, and on cooling, deposits it in prismatic crystals j 
it also dissolves phosphorus, camphor, and colophony, but not copal or 
caoutchouc ; like creasote, it coagulates albumen. 

When aniline is exposed to air, it absorbs oxygen, and becomes yellow, 
brown, and resinous. A few drops of fuming nitric acid added to anhydrous 
aniline produces a fine blue color, which on slightly heating the mixture 
passes into yellow, and violent action ensues, sometimes followed by explosion ; 
otherwise, the liquor passes through various hues, and crystals of picric acid 
are formed in it (p. 566). When aniline is added to a solution of perman- 
ganate of potassa, peroxide of manganese is thrown down, and oxalic acid 
and ammonia are formed. When treated with a solution of chloride of lime, 
a beautiful violet-blue color is produced, which is reddened by the addition 
of an acid ; this reaction is very characteristic of aniline. When chlorine 
is passed into aniline, it assumes the consistence of tar, and on distilling 
this product, a compound passes over, composed of CigHgNCl. When 
heated with corrosive sublimate, it produces a splendid red dye. It is now 
largely employed in the manufacture of the coal-tar colors (p. 626). 

Aniline forms a series of crystallizable salts with difl'erent acids. 

The production of aniline from nitrobenzole furnishes an apt illustration 
of the complexity which it is proposed to introduce into chemical formulas, 
in place of the simple system which is now generally employed. When 
nitrobenzole is distilled with a mixture of iron-filings and acetic acid, it is 
converted into aniline, as a result of the evolution of nascent hydrogen ; and 
the simple equation which represents this change is : — 

CjgH-CNOJ + 6H = C,2H,N + 4H0 

Nitrobenzole. Hydrogen. Aniline. Water. 

The following represents the changes, according to Dr. Hofmann, on 
what is called the unitary system : — 

(CA)NOO + HH + HH + HH = |}o + ||o + ^ ^^ 

Nitrobenzole. Hydrogen. Water. Aniline. 

Emetina, Caffeine, Theine, and other Bases. 

Umetma{Q^^lI^jO^Q). — This term is applied to the active or emetic principle 
of Ipecacuanha. It is a white, inodorous, and almost insipid powder, alkaline 
to tests, and sparingly soluble in cold water. It is more soluble in alcohol ; 
but ether, the essential oils, and the caustic alkalies, scarcely act upon it ; it 
fuses at about 120°. Concentrated nitric acid converts it in the first instance 
into a bitter yellow resinoid substance, and ultimately into oxalic acid. It 
neutralizes the acids, and forms salts which are not crystallizable except 
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with excess of acid. Emetina has a powerful emetic action. In a dose of 
three or four grains it acts as a poison. 

Piperine (Cg^H^yOgN). — This substance is obtained from hlach pepper. It- 
is generally a pale straw color, and crystallizes in the form of four-sided 
prisms, insoluble in cold, and slightly soluble in hot water ; readily soluble 
in alcohol, and less so in ether. When quite pure, it is inodorous and taste- 
less. It fuses at a little above 21 2^, and is not volatile, but when more 
highly heated, yields ammoniacal products. It is regarded as a feeble alka- 
loid. 

Asparagine (CsHaOgNg-l-SHO). — This principle exists in asparagus. It 
is best obtained from the expressed juice of asparagus, evaporated to the 
consistency of syrup, and set aside ; it deposits crystals, which are purified 
by solution in water and recrystallization. 

Asparagine forms transparent prismatic crystals, which are hard, brittle, 
of a cooling and somewhat nauseous taste, neither alkaline nor acid ; soluble 
in 58 parts of cold water, and more soluble in hot ; insoluble in anhydrous 
alcohol, and in ether. When asparagine is long boiled with hydrated oxide 
of lead, magnesia, or other bases, it is resolved into ammonia and into an 
acid, called Aspariic acid. 

Caffeine. Theine. (CgH^OaNg). Guaranine. This important compound 
is found in coffee (the seed of Goffea Arahica) and in tea, the leaves of Thea 
Ghinensis : it is also said to occur in the leaves of Guarana officinalis or 
Paullinia Sorhilis, and in Ilex Paraguay ensis {Paraguay tea). It is re- 
markable that one and the same principle, and that belonging to the class of 
azotized basic bodies, should be found in two such dissimilar vegetables as 
tea and coffee, infusions of which are used over the greater part of the known 
v/orld. 

Caffeine may be procured as a crystalline sublimate in considerable quan- 
tity in the roasting of large quantities of coffee ; it sublimes in an impure 
form, but is easily deprived of its adhering impurities. The process gene- 
rally recommended for its preparation is that of Hunge : it consists in making 
a strong aqueous infusion of ground raw coffee, adding to it a solution of 
sugar of lead, which occasions a green precipitate, and leaves the superna- 
tant liquid colorless ; the excess of the salt of lead in this liquid is then pre- 
cipitated by sulphuretted hydrogen, it is filtered, and evaporated ; the caf- 
feine remains, and must be treated by animal charcoal to whiten it, and 
recrystallized. 

Caffeine (or theine) forms white silky crystals, soluble in boiling water 
and alcohol, and deposited in crystalline filaments as these solutions cool : it 
has no alkaline reaction, yet it appears capable of combining definitely with 
some of the acids, especially with hydrochloric acid. 

Theine is thus prepared : a decoction of tea is first treated with a slight 
excess of acetate of lead, which throws down the tannic acid and almost all 
the coloring matters it contains ; it is then filtered whilst hot, and the clear 
liquid is evaporated to dryness. It forms a dark yellowish mass, which is 
to be intimately mixed with a quantity of sand, and introduced into Mohr's 
subliming apparatus and moderately heated for 10 or 12 hours. The theine 
sublimes in beautifully white anhydrous crystals, deposited upon the paper 
diaphragm which runs across the apparatus. The only point to be observed 
is that the temperature should never rise too high, as the more slowly the 
operation is conducted, the finer are the crystals and the greater their quan- 
tity. From a pound of coffee, Stenhouse obtained an average produce of 
15 grains of theine, sometimes not so white as that made from tea, but ren- 
dered so by a second sublimation. From hyson tea (green), Stenhouse ob- 
tained 1*05 per cent, of theine ; from Congou (black) r02 per cent. ; from 
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Assam (black) 1'2T, and from Tonkay (green.) 0*98. But Peligot, guided 
by the large proportion of nitrogen evolved in the ultimate analysis of tea, 
was lead to suspect a larger proportion of theine, and obtained the following 
quantities, namely, from hyson, 2 56 to 3 '40 per cent., and from gunpowder 
tea 2-20 to 4'10 percent. 

Theobromine (Q^^^OJ^^ is a base which is contained in the cocoa-nut. 
It is but little soluble in water, alcohol, and ether. It has a bitter taste, and 
forms crystallizable salts with acids. 

Salicine (CggH^g^^J. — This is a crystalline substance which is extracted 
from the bark of the willow. It is soluble in water and alcohol : its solu- 
tions have a bitter taste : they are Isevo-gyrate with regard to polarized 
light. Salicine is characterized by the deep red color which is produced 
when the crystals are moistened with strong sulphuric acid. When salicine 
is boiled with dilute sulphuric acid, glucose or grape-sugar is a product. 
Nitric acid converts it into oxalic and carbazotic acids. When distilled with 
bichromate of potassa and dilute sulphuric acid, salicylous acid or hydride of 
salicyl (Oi^HgO^,!!) is obtained in the distillate. This is identical with the 
essential oil of Meadow-sweet {Spircea ulmaris), Salicine yields about one- 
fourth of its weight of the hydride. When fused below redness with three 
parts of hydrate of potassa, a salicylate of the alkali is obtained, from a 
solution of which salicylic acid is precipitated by the addition of hydrochloric 
acid. 

A solution of a salicylate is characterized by its striking a violet-lAxxQ 
color with a persalt of iron. Certain insects which feed upon willow bark, 
oxidize salicine in their bodies. If placed on paper impregnated with a 
persalt of iron, and they are irritated, they eject a liquid which produces a 
blue or violet-colored spot on the paper. 

The oil or essence of winter-green {Gaultheria procumhens) is a salicylate 
of the oxide of methyle (CgHgO + Ci^H^Og). It has a strong agreeable 
odor, and acquires a violet color on the addition' of a persalt of iron. 

Phloridzine {C^^^fi^^^AJlO) is a crystallizable principle obtained from 
the bark of the apple and pear trees, by simply boiling the decoction in 
water, and allowing the liquid to cool. When boiled with diluted acids, 
grape-sugar is one of the products. Salicine, phloridzine, and some other 
principles of a similar kind, which thus yield grape-sugar, under such simple 
conditions, have received the name of Glucosides. 

Organo-metallic Bases. 

We have elsewhere referred to the compounds of zinc with the organic 
radicals methyle (p. 548), amyle (549), and ethyle (555) ; but there is pro- 
bably no compound more remarkable for its constitution and range of 
combination, than that which was discovered and isolated by Bunsen under 
the name of Kakodyle. 

Kakodyle (C4HgAs=Kd). — This is a compound of metallic arsenic with 
carbon and hydrogen : it derives its name from its highly offensive odor. 
Bunsen procured this radical by decomposing anhydrons chloride of kakodyle 
by pure zinc, and distilling the product. Owing to its spontaneous com- 
bustion in air, and its highly poisonous nature, great precautions are required 
in its preparation. It is a clear colorless liquid (sp. gr. 1*48), the density 
of its vapor being 1*2. When cooled to 20^ it crystallizes in square prisms. 
When exposed to air, oxygen, or chlorine, it burns, forming with oxygen, 
water, carbonic and arsenious acids. It is resolved at a red heat into 
arsenic, light carburetted hydrogen, and olefiant gas; and by these results 
its exact constitution has been determined (C4HgAs=As + 2CH2+C2H3). 

Kakodyle, like cyanogen, combines with oxygen, sulphur and chlorine. 
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It also combines with cyanogen (p. 519). Oxide of kakodyle (KdO) is 
known under the names of Alkarsine and Gadefs fuming liquor. It is 
procured by distilling at a red heat, a mixture of equal weights of arsenious 
acid and dry acetate of potassa. The vapor has an offensive odor resembling 
that of garlic, and is very poisonous. The oxide is a colorless liquid (sp. 
gr. 1-64). It is insoluble in water, but dissolves in alcohol and ether. 
Another oxygen compound (KdOgjHO) is known under the name of 
Kakodylic acid or Alhargen. It is procured by mixing red oxide of mercury 
with oxide of kakodyle under water. This acid may be obtained crystallized 
in prisms. Although it contains 56 per cent, of arsenic, 6 or t grains of it, 
according to Bunsen, produced no ill effects on a rabbit. The chloride is 
procured by distilling the oxide with corrosive sublimate and hydrochloric 
acid ; and the cyanide by distilling the oxide with concentrated hydrocyanic 
acid. 

The preparation of any of these compounds is attended with great danger 
to the operator. Bunsen states, that in distilling the oxide, an explosion is 
very likely to occur, if the glass bulb above the level of the liquid becomes too 
hot. ^' Should a drop of the liquid, during ebullition fall on that part, the 
whole of the apparatus is shattered to pieces, and an arsenical flame several 
feet high rises up, covering everything near it with a black offensive layer of 
arsenic." Of the cyanide of kadodyle he says, that " the vapor diffused in 
the smallest quantity through the atmosphere, produces a sudden cessation 
of muscular power in the hands and feet, giddiness and insensibility, which 
end in total unconsciousness. 



CHAPTER LIV. 

ORGANIC COLORING-MATTERS. DYEING. 

Under this head a variety of substances are included, of very different 
character and composition. Many of them are important in the arts : they 
are used as pigments, and extensively employed by dyers and calico-printers. 
Others are of so fugitive a nature as not to admit of this application, and are 
chiefly known as giving variety and beauty to flowers, or as communicating 
to vegetables in general, those infinitely varied shades of green which charac- 
terize this division of the organic creation. By far the greater number of 
these substances are educts of vegetable origin, or products of the decom- 
position of vegetable substances. The coloring-matters derived from animal 
substances are comparatively few. 

A colored compound is a frequent product of chemical changes in colorless 
organic compounds. When gallic acid is dissolved by heat in strong sul- 
phuric acid, a rich crimson-colored liquid is produced. On dissolving 
essential oil of bitter almonds in the same acid, a ruby-red liquid is 
produced, which becomes yellow on exposure to air. Pyroxanthine gives 
with sulphuric acid in the cold, splendid purple and crimson compounds, 
which gradually darken by exposure. When crystallized cane-sugar in 
powder is mixed with arsenic acid and water, so as to form a thick paste, the 
mixture slowly acquires, by exposure to air at a temperature of about 10°, 
a splendid crimson color, which gradually darkens. When arsenious acid is 
employed no colored compound results. The substitution of aniline for 
sugar, and the application of heat to the mixture of aniline and arsenic acid, 
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has been recently made the subject of various patents for the production of 
permanent purple dyes. The action of sulphuric acid and bichromate of 
potassa on strychnia and aniline, in producing blue, purple, and crimson- 
colored compounds, furnishes other instances of the production of splendid 
colors from colorless organic substances (p. 601). A small quantity of a 
solution x)f gallic acid added to lime-water produces a white precipitate, 
which speedily becomes blue, purple, and ultimately olive-green. Bile 
produces with sulphuric acid and sugar, aided by heat, a splendid purple 
color, and with nitric acid a rich green color. In most of these cases, it may 
be proved that color is produced as a result of the oxidation of the organic 
substance ; and in reference to many of the coloring matters described in this 
chapter, it will be found that they do not exist ready formed in the living 
plant, but are products of the oxidation of certain principles contained in 
the sap or vegetable fibre. Chemical compounds which impart oxygen, e.g., 
chromic acid, the peroxides of manganese and lead, and arsenic acid, pro- 
duce color ; while' those which have reducing properties, such as nascent 
hydrogen, sulphuretted hydrogen, alkaline sulphides, and the protoxides of 
manganese and iron, render the colored compounds temporarily colorless. 
Organic colors are easily destroyed by exposure to light. This, which is 
called fading, may be due to the effect of nascent oxygen or ozone. That 
nascent oxygen has a powerfully destructive influence, is seen in the action 
of ozone, and of chlorine. Humid chlorine completely destroys all organic 
colors (p. 114). Sulphurous acid also bleaches them either by removing 
oxygen, or by jforming with the coloring matter, colorless compounds, which 
are soluble in water, and admit of removal by washing. Acids and alkalies 
sometimes restore the color when sulphurous acid has been used, but not 
when chlorine has been employed (p. 201). 

Some coloring principles, although neutral in reaction, appear to act like 
acids in combining with bases. Thus alumina and the oxides of tin and 
iron, form insoluble compounds with organic colors, and at the same time 
modify the color. Hydrate of alumina precipitates most organic colors 
which are soluble in water, rendering the liquid colorless. Charcoal in 
powder has a similar effect : it removes the color without altering it (p. 241). 
Animal and vegetable fibres also remove and fix these colors by a powerful 
attraction, and they are sometimes employed for the purpose of separating 
the coloring principle in a pure state {see Carthameine, p. 621). As a 
general rule, wool appears to have the strongest attraction for coloring sub- 
stances ; silk comes next to it, then cotton, and lastly hemp and flax. 

The art of dyeing and calico-printing consists in the application of these 
organic colors to animal or vegetable fibre, such as silk, wool, linen, or cotton. 
It is based on simple chemical principles. In the first place, the articles 
require to be thoroughly cleansed from all foreign matters and colors : this 
is effected by washing and bleaching. The simple operation of dyeing is 
generally performed upon animal fibre, such as wool and silk ; whilst the more 
refined operation of printing in patterns and devices of various colors is 
chiefly, though by no means exclusively, conducted upon cotton, or, as it is 
usually termed, calico. Some colors are of such a nature as to combine with 
the fibre without any medium; and when this is the case, they constitute 
what have been termed substantive colors. Other colors require the inter- 
vention of a base or mordant, and they are then called adjective colors. The 
mordants which are most frequently resorted to are the salts of alumina, 
iron, and tin. Albumen, as well as the alkaline phosphates and arsenates, are 
also employed as mordants in calico-printing. The substance to be dyed, is 
first impregnated with the mordant, and then passed through a solution of 
the coloring matter, which is thus fixed in the fibre, and its tint is often 
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modified or exalted by the operation. A considerable portion of the mordant 
is retained in the fibre of the calico or cloth which is dyed. Ure found that 
100 parts of the ashes of Turkey-red calico (dyed by an alum mordant) 
afforded between 16 and IT parts of alumina, whereas the ashes of white and 
washed calico afforded only a trace of that earth. 

Calico-printing, which is a more refined and difficult branch of the art, is 
a species of topical dyeing. In this process adjective colors are almost 
always employed. The mordants, the principal of which are acetate of 
alumina and acetate of iron, and albumen, are first applied to the calico by 
means of wooden blocks or copperplates, or cylinders, upon which the requi- 
site patterns are engraved. When albumen is used as a mordant, this is 
fixed by exposure to a steam-heat. The stuff is then passed through the 
coloring bath, and afterwards exposed on the bleaching-ground, or washed. 
The color flies from those parts which have not received the mordant, and is 
permanently retained on those parts to which the mordant has been applied. 
A variety of colors is produced by employing various mordants, and different 
coloring materials, and by using them in various states of dilution and com- 
bination. Instead of first applying the mordant, and afterwards the color- 
ing material, they are occasionally both printed together, but in these cases 
particular management is requisite in the selection of the substances em- 
ployed, and in the mode of their application ; when this method is resorted 
to, the color is oii^w fixed by the application of steam. Thus in the employ- 
ment of albumen, either of Q^g or blood, or of lactarine (the curd of cheese), 
the coloring-matter is at once mixed with the organic principle, and the 
colored compound is printed in a pattern on the cloth. When the cloth has 
been subjected to the steaming process, the color and the albumen mixed 
with it are rendered insoluble, and remain fixed on the fibres of the stuff. 
Cottons, which receive dyes with more difficulty than silk or wool, are thus 
effectually dyed. By the aid of albumen or lactarine, insoluble mineral 
colors, such as ultramarine, or Scheele^s green, may be imprinted on the 
finest fabrics. 

We shall here consider the principal coloring matters which are employed 
in chemistry and the arts. 

Indigo. — Indigo, as it occurs in commerce, is usually in the form of cubi- 
cal pieces, or cakes, friable, and more or less brittle, and of various shades 
of a peculiar deep blue. When rubbed with a hard body, it acquires, like 
Prussian blue, a coppery-red color, but always furnishes a deep-blue powder; 
it is tasteless, nearly inodorous, and almost insoluble in water, alcohol, and 
ether. The masses of indigo have a dull conchoidal fracture, and the finest 
samples are those which are lightest and most copper-colored. The plants 
resorted to as a source of indigo, are different species of Indigofera ; it is 
also obtained from other genera, as Nerium, Isatis, Marsdenia, Polygo7ium^ 
and Asclepias. Indigo appears to exist in the juices of these plants, in the 
form of a colorless soluble compound ; and it is generally obtained by fer- 
menting the bruised plant, during which amnaonia is evolved, and a yellow 
liquid obtained. This liquid, on the addition of lime-water, and exposure to 
air, deposits the blue indigo in the form of a flocculent precipitate. Its chief 
sources are India and South America. 

Indigo-blue. Indigotine {Q^qK^Q,^). — It is this coloring matter which 
gives the commercial value to indigo, of which it forms about 50^ per cent. 
In order to obtain the pure coloring principle, the indigo of commerce is 
sccessively treated with hydrochloric acid, weak solution of potassa, and hot 
alcohol, to remove any foreign substances. It is then thoroughly mixed with 
iwice its weight of freshly-slaked lime, and the mixture put into a bottle 
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capable of lidding 150 times the quantity of indigo operated on ; the bottle 
is then filled with boiling-hot water, and 4 parts of crystallized protosulphate 
of iron added for every 3 of indigo; it is then securely stopped so as to be air- 
tight, and having been w^ell shaken, is set aside for several hours. In this 
way the indigo-blue, which is insoluble, is converted into indigo-white^ which 
is soluble in the solution of lime, producing a yellow liquid. This yellow 
liquor is then poured off, mixed with dilute hydrochloric acid, and left for a 
long time exposed to air; the acid retains the lime and other substances in 
solution, while the indigo-blue is deposited, and may be freed from hydro- 
chloric acid and chloride of calcium, by washing with water. 

Indigotine is volatile, without decomposition, at a low temperature. If 
powdered indigo is carefully heated in a tube through which a current of 
hydrogen is passing, the indigotine sublimes in a violet-colored vapor re- 
sembling that of iodine, and is deposited in purple crystals in the form of 
fine needles. If over-heated, or heated in air, it is decomposed. The sub- 
limation takes place readily at about 550°: the melting-point of this sub- 
stance, its point of volatilization, and that at which it is decomposed, are 
very near to each other. The sp. gr. of sublimed indigo-blue is 1-35. 
When the crystals are heated in an open vessel, they sublime without residue, 
in a reddish-violet vapor; in close vessels, as the heat advances, the vapor 
acquires a scarlet tinge, and then becomes orange colored; a small quantity 
and of aniline is formed, and charcoal is deposited. 

Heated upon platinum-foil, indigo-blue gives a purple smoke, and if the 
heat be rapidly augmented it fuses, boils, and burns with a bright flame, 
giving ofiF much smoke, and leaving a carbonaceous residue, which may be 
entirely consumed. Indigo-blue is insipid and inodorous, and neither basic 
nor acid. It is insoluble in water, alcohol, ether, and the oils. Dilute acids 
and alkaline solutions have no action upon it. 

Indigo-white. Indigogene (CigHgO^N). — If the yellow solution, ob- 
tained by the action of lime and protosulphate of iron upon indigo and 
water, is decomposed by an acid under the cautious exclusion of oxygen, a 
white precipitate is formed: this is indigo-white. It may be obtained by 
syphoning the yellow liquor into a stopper bottle previously filled with hy- 
drogen or carbonic acid gas, and containing some acetic or dilute hydro- 
chloric acid, the syphon itself being previously filled with water deprived of 
air. Under these circumstances a white, flocculent, and often somewhat 
crystalline precipitate falls : it should be most carefully excluded from all con- 
tact with air, and allowed to subside ; the supernatant liquor must then be de- 
canted, the precipitate collected upon a filter in an atmosphere of hydrogen 
or of carbonic acid, washed with water freed from air, pressed in folds of 
bibulous paper, and dried in vacuo. 

Indigo-white, when dried, has always a greenish or bluish tint, though it 
probably would be perfectly white, if quite pure. It has a silky fracture, is 
destitute of taste and odor, and shows no acid reaction. It is not volatile, and 
when heated in vacuo it gives off a little water, while indigo-blue sublimes, 
and carbon remains : no permanent gas is evolved. It is insoluble in pure 
water, and in dilute acids. It forms a yellow solution in alcohol and in 
ether, and these solutions, when exposed to air, gradually deposit indigo- 
blue. When moist, it speedily passes into indigo-blue under the influence of 
air; and even when dry, it slowly acquires a blue color : this change goes on 
even in vacuo, in consequence probably of the air retained in the pores of 
the substance being sufficient to communicate to it a blue tinge. When it is 
gradually heated in air, the whole mass suddenly acquires a dark-purple 
color, being converted into indigo-blue. 

Although a neutral principle, indigo- white acts in the manner of an acid 
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in respect to bases. It forms yellow solutions with the alkalies and alkaline 
earths, which, when exposed to air, become immediately covered with an 
iridescent copper-colored film of indigo-blue, whilst the liquid underneath 
acquires at first a peculiar reddish-green tint, and then gradually passes into 
blue. Hence the liquid containing it, is an admirable test for free oxygen, 
either as a gas, or as it is contained in water. 

Indigo-white was originally regarded as deoxidized indigo, or as a lower 
oxide of the base of indigo-blue ; the processes, therefore, by which indigo- 
white is obtained, were considered as cases of deoxidation, and it was 
supposed that simple oxidation was the cause of the change of the white 
into the blue oxide. But Duraas has shown that in passing into white indigo, 
blue indigo acquires an additional atom of hydrogen, the proportion of 
oxygen remaining the same in both (see p. 501). 

SULPHINDIGOTIC AciD ; SulpMndylic Acid {\_Q^^fiJ^-\-^Jd^~{-'RO). — 
When 1 part of indigo-blue is digested for 3 days with 15 parts of oil of 
vitriol, in a stopped bottle, at a temperature between 120° and 140°, a deep 
blue solution is obtained, without any evolution of sulphurous acid. This 
solution mixes perfectly with water, and if the preceding proportions have 
been adhered to, there is no sediment; it is a solution of sulphindigotic acid. 
The ]N'ordhausen or Saxon sulphuric acid forms a better solvent than common 
oil of vitriol. When evaporated to dryness, the acid remains in the form of 
a dark blue substance, which is deliquescent, and has a peculiar odor ; it 
forms a dark blue solution with water and alcohol, of a sour and somewhat 
astringent taste. If woollen cloth be immersed in the diluted blue liquor, 
it becomes effectually dyed, and the liquid is entirely deprived of color. By 
digesting the blue wool in a solution of carbonate of ammonia, a solution 
of sulphindigotate of ammonia is obtained, with which several other salts of 
the blue acid may be prepared. 

When zinc or iron is put into the aqueous solution of this acid, it loses 
its color, but regains it by long exposure to air. Sulphuretted hydrogen 
does not afi'ect it at common temperatures; but when heated to 120°, sulphur 
is thrown down, and the blue color disappears. Protochloride of tin, and 
all those substances which convert indigo-blue into indigo-white, act similarly 
upon this acid. When protosulphate of iron is dissolved in a solution of a 
neutral sulphindigotate, the color is not destroyed, nor is it affected when 
part of the oxide of iron is thrown down by an alkali, but the moment that 
the whole of the oxide is precipitated and an excess of alkali is present, 
decoloration ensues; on again adding an excess of acid, the blue color 
returns. 

Sulphopurpuric Acid ([C33H,oO,N3-f2S03]-f HO).— When 1 part of 
indigo is triturated with t or 8 parts of oil of vitriol (or better, with fuming 
sulphuric acid), the mixture, upon the addition of water, deposits sulpho- 
purpuric acid in the form of a purple powder, which must be immediately 
washed upon a strainer with water acidulated by hydrochloric acid, until all 
traces of free sulphuric acid are removed, and then carefully dried in vacuo. 
This acid is soluble in pure water and in alcohol. By digestion in oil of 
vitriol, it passes into the sulphindigotic acid. It saturates only 1 atom of 



Isatine {Q^^fi^). — This compound is the result of .the oxidation of 
indigo by chromic or nitric acid. A dilute aqueous solution of chromic acid 
is gradually added to pulverized indigo ; the mixture is heated nearly, but 
not quite, to its boiling-point, and a brown solution is obtained. The 
chromic acid should only be of such strength as freely to dissolve the indigo ; 
if it is too strong, carbonic acid is evolved, oxide of chromium is precipitated, 
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and isatine is not formed. The brown solution should be filtered whilst hot, 
and the isatine crystallizes as the liquor cools. 

Isatine forms brilliant reddish-brown prismatic crystals, inodorous, 
sparingly soluble in cold, but more abundantly in hot water, and readily 
soluble in alcohol, but less so in ether. The alcoholic solution communicates 
a peculiarly unpleasant and permanent odor to the cuticle. When isatine is 
heated in a tube, a portion of it sublimes, but the greater part is decomposed, 
leaving carbon, which is with difficulty combustible. Heated in air it fuses, 
exhales a suffocating vapor, burns with a brilliant flame, and leaves a car- 
bonaceous residue. By the action of chlorine and bromine, it forms chlo- 
risatme, hicMorsaiine, hromisatine, and Ubromisatine. It dissolves in solutions 
of ammonia, potassa, sulphuretted hydrogen, and sulphide of ammonium, 
producing peculiar compounds. Isatine may be regarded as indigo +2 
atoms of oxygen ; or CieH502]S"+03. Isatinic acid (CieHgOsN-fHO) is 
procured by the action of a solution of potassa upon isatine. 

Isatyde (C^gHgO^N) is a white crystalline compound which may be obtained 
by adding a little sulphide of ammonium to a hot alcoholic solution of isatine 
in a close vessel. 

Aniline smd Picric acid are also products of the decomposition of indigo 
by potassa and nitric acid. These compounds are elsewhere described (pp. 
566, 610). 

LiOHBN-BLUES. Archil ; LiTMUS. — These substances are prepared from 
various lichens, amongst which Rocella tinctoria and corallina, Lecanora 
Tartarea^ Variojftria lactea and dealhata have been especially resorted to. 
The lichens are principally collected from rocks adjoining the sea : they grow 
abundantly on the Canary and Cape Yerd Islands; and there is a general 
similarity in the mode of treating them for the manufacture of the above 
mentioned colors. They are cleaned, and ground into a pulp with water ; 
ammoniacal liquids, derived chiefly from gas-works, or occasionally from urine, 
are from time to time added, and the mass is frequently stirred so as to 
expose it as much as possible to the action of air. Peculiar substances 
existing in the lichens are, during this process, oxidized by the joint auction 
of air and water, in the presence of ammonia, thereby generating the coloring 
matter. When the color is extracted, the mass is pressed, and chalk, plaster 
of Paris, or alumina, is added, so as to form it into a consistent paste. In 
this state, it is of a purple or violet-red tint, and constitutes the archil of 
commerce, frequently called Cudbear {ivom Cuthbert, one of the manufac- 
turers of the article at Leith) ; it is the orseille and persio of the French 
and Germans. The other variety is called litmus, or in France and Germany, 
toiirtiesol and lacmus, is generally made up into small cubes, and has a fine 
violet color. The lichens which are proper for the manufacture of these 
colors, may be recognized by moistening them with a little solution of 
ammonia, and setting the mass aside in a corked phial ; if of the proper 
kind, the lichen and the liquid will acquire a purple tint in the course of a 
few days. 

The following substances have been discovered in these coloring principles. 

Lecanorine ; Lecanoric or Orsellinic Acid (C^gHgOg-fHO). — This com- 
pound exists in different species of lecanora. It is obtained by exhausting 
the lichen with ether, which is then distilled off, and leaves a residue contain- 
ing lecanoric acid, mixed with resinous and fatty matter, and some substances 
soluble in water. Lecanoric acid forms inodorous and tasteless stellated 
groups of silky acicular crystals, insoluble in water, but soluble in hot alcohol 
and ether. Subjected to dry distillation, it is resolved into orcine and car- 
bonic acid ; and it undergoes the same change when moistened with sulphuric 
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acid and left in a damp place ; or when boiled in a solution of ammonia or 
potassa. 

T . ^, . .J /^ TT rk ( 1 atom of orcine . . C,rHrO. 

1 atom of lecanono acid, C^Sfi, = ^ „ ^^^^^^^.^ ^^.^ ^^^^ «q^ 
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Orcine (CigHgO^ + HO). — This substance is one of the principal sources 
of the coloring-matter derived from lichens. It is found ready formed in 
Lichen roccella, parellus, deustus, tartarius, dealhatuSj &c., and is produced 
by various processes from lecanorine. It is obtained by exhausting the 
dried and pulverized lichen in boiling alcohol, and filtering while hot. The 
alcoholic extract dissolved in water, deposits long brown brittle needles, 
which may be redissolved in water, treated with animal charcoal, filtered, 
and again crystallized. 

Orcine crystallizes in flat four-sided prisms, with dihedral summits ; it has 
a sweet but somewhat repulsive taste, and it is perfectly neutral. When 
dried at 21 2°, it loses a portion of its water of crystallization ; at about 
550*^, it rises in vapor, may be distilled, and condensed in crystals, which 
contain 1 atom of water. It is soluble in water and in alcohol. 

If orcine is exposed to air, it gradually reddens, especially when the sun 
occasionally shines upon it. When subjected to the action of chlorine, it 
heats, fuses, and hydrochloric acid is produced. Nitric acid acts upon orcine 
with the evolution of nitrous gas, and a red solution is formed, which deposits 
a resin-like substance. The fixed alkalies convert it into a brown substance^ 
Gaseous ammonia is absorbed by orcine, and on exposure to air it again 
escapes ; but when water is present, the oxygen of the atmosphere is 
absorbed, and a colored azotized body is the result, to which the name of 
OTcHne or orceic acid has been given. 

Orceine ; Orceic Acid (CigHsOgN, + HO). — This substance may be ob- 
tained by placing pulverized orcine in a capsule, together with a saucer of 
solution of ammonia, under a bell-glass ; the orcine becomes brown, but on 
exposure to air the excess of ammonia escapes, and on adding a little water, 
and a few drops of ammonia, a purple liquid is obtained, from which acetic 
acid throws down orceine, or, as Berzelius terms it, orceic acid. Sul- 
phuretted hydrogen docolors the purple liquid, not by deoxidation, but by 
entering into combination with orceic acid, for the color reappears on expo- 
sure to air, or on saturating the sulphuretted hydrogen by an alkali. A 
solution of litmus, when kept in a close-stopped vessel for some time, 
acquires a dirty-brown color, and smells offensively. When exposed to air, 
it rapidly assumes a purple and blue color. In the preparation of blues 
from lichens, orceic acid is produced under the influence of ammonia. It is 
not itself a permanent dye-stuff, but is a valuable auxiliary in the production 
of other blues and purples. 

Erythrine ; Erythryline ; Erythric Acid (C2oHj^0.^o). — These are probably 
identical with, or, at all events, closely related to, lecanorine. 

Litmus-paper. — The lichen blues are much used for the preparation of 
litmus-paper. In order to prepare this paper for chemical purposes, an ounce 
of litmus, finely powdered, should be infused in half a pint of boiling water 
in a covered vessel for an hour. The clear liquor should then be poured off, 
and fresh quantities of hot water added until the color is exhausted. White, 
unsized paper, containing but little mineral matter, cut into convenient 
lengths, should then be dipped into the infusion and allowed to dry. It 
should have a full blue color. Paper thus prepared, if not tinted of too 
deep a color, forms the best tests for acids, either gaseous or liquid. It is 
sooner or later reddened. Red litmus-paper forms a very delicate test for 
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alkalies, as the blue color is restored by alkaliae liquids. In order to prepare 
it, the blue litmus-paper should be exposed in a jar to the diluted vapor of 
acetic acid or humid carbonic acid. In order to act with delicacy as a test 
for an alkali, the reddish tint thus artificially imparted to it, should be barely 
perceptible. These test-papers should be cut in strips of three inches by 
half an inch, and kept in well-wStopped bottles in a dark closet. Light 
destroys the color, and exposure to air reddens the paper by the action of car- 
bonic acid and other acid vapors diffused through the atmosphere. A paper 
prepared from an infusion of the best cudbear, without the addition of either 
alkali or acid, has a purple color, and is affected both by acids and alkalies ; 
it is convenient in alkalimetry, being already too red to be affected by car- 
bonic acid, while it is distinctly reddened by mineral acids. 

Madder 5 Garancine; Alizarine; Alizari. — The plant which furnishes 
this valuable dye-stuff {Euhia tinctorum) is common in the south of Europe 
and in many parts of the Levant, where it is known under the name of 
alizari: it is also largely cultivated in Holland. It has a long spreading 
fibrous root, which is the part used in dyeing. In the living plant, the sap 
is yellowish colored : and contains no red coloring principle. This appears 
to be developed in the woody fibre, during the act of drying, and by expo- 
sure to air. Madder-root contains three coloring-principles, named respect- 
ively xanthine, alizarine, and purpurine. By digesting the root repeatedly 
in cold water, the xanthine, or madder-yellow, is removed, as this principle 
is very soluble in water. When the residue is treated with half its weight 
of sulphuric acid at 21 2^, the woody fibre is in great part destroyed, and 
may be removed by further digestion with water. A brown pulverulent 
residue is left, which is known under the name of garancine. This contains 
a red coloring-matter, Alizarine (C^oHeOg), which may be obtained in orange- 
colored crystals by digesting the garancine in boiUng alcohol, or by subjecting 
it to superheated steam. It is scarcely soluble in water, hot or cold, but is 
readily dissolved by alcohol and alkaline solutions. The latter change the 
red to a violet color. It gives a bluish precipitate with solutions of lime 
and baryta, thus acting like a weak acid. Sulphuric acid dissolves it, form- 
ing a brown liquid, but it is again precipitated unchanged on dilution with 
water. 

Purpurine (C^gHgOg), or madder-purple, is a red coloring principle, which 
may be procured by digesting the washed root in a boiling saturated solu- 
tion of alum, in which alizarine is insoluble. On adding sulphuric acid to 
the decoction, the purpurine is slowly deposited. It may be obtained as a 
deep red powder, by repeated digestions in alcohol and ether. It is not dis- 
solved by cold water, but it is soluble in hot water. It is also soluble in 
alcohol and ether. When a solution of carbonate of soda is added to a 
decoction of madder-root in alum, there is an abundant precipitate of the 
red coloring matter with alumina, constituting what is called madder-lahe. 

Carthamine. Garthameine, — This is the coloring principle of Safflower, 
the petals of the Garthamus tinctorius, or Bastard saffron. It is cultivated 
in Spain, and in many parts of the Levant, whence it is chiefly imported ; 
but on account of its price it is seldom used, except to give the finishing hue 
to some silks, and in the preparation of the article called rouge. Safflower 
contains a red coloring-matter which is insoluble in water, and a yellow 
soluble substance. The former has been distinguished as carthameine, and 
appears to be derived from the oxidation of a peculiar principle existing in 
the petals, which has been called carthamine. 

Garthamine (CagHgOg-i- 2H0), is obtained from the flowers, after all soluble 
matters have been extracted by water, by digesting them in a weak solution 
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of carbonate of soda. It crystallizes in small white prismatic needles of a 
bitterish taste, not very soluble in water, but more soluble in alcohol ; it is 
not volatile, but fuses when heate'd, exhales a pungent odor, and burns away^ 
without residue. When exposed to the air, it gradually acquires a yellow 
color. When an alkaline solution of carthamine is left in contact with 
oxygen, it becomes first yellow, and then red, and on saturating this red 
liquor with citric acid, red cartJiameine is thrown down. When air is ex- 
cluded, the alkaline solution remains colorless. 

Garthameine, Garthamic Acid (CggHgOy). — ^This is the product of the 
oxidation of carthamine, under the influence of alkaline bases : it exists in 
the safflower, from which it may be extracted by digesting it, after the yellow 
matter has been removed by water, in a solution of carbonate of soda, and 
then precipitated by citric acid. It forms a dark-red powder, insoluble in 
water and in acids, and sparingly soluble in alcohol, to which it communi- 
cates a fine red color; it is also sparingly soluble in ether. It is not volatile, 
but is decomposed by dry distillation. It forms salts with the alkalies, from 
which it is thrown down by organic acids, of a bright rose-red color. 

The af&nity of carthameine for cotton and silk is such, that when it is 
recently precipitated, these substances immediately combine with it, become 
at first rose-colored, and afterwards of a fine red, so that they may be thus 
dyed without the intervention of a mordant. The stuffs so dyed, are ren- 
dered yellow by alkalies, and the color is, to a certain extent, restored by 
acids. Carthameine is never used in dyeing wool. When it is precipitated 
from concentrated solutions, it furnishes a liquid paint, which, evaporated 
upon saucers, leaves a residue of a somewhat greenish metallic lustre, used 
as a pink dye-stuff, and which, mixed with finely powdered talc, and dried, 
constitutes common rouge. 

HiEMATOXYLiNE. Hcemateine. — These substances are extracted from log- 
wood, a dye-stuff of considerable importance : it is the heartwood of the 
Hcematoxylon Gampechianum, and is imported from Campeachy, Honduras, 
and Jamaica, in hard and dense logs, about three feet long, and of a dark- 
red or purple color. In the dye-house it is used for the production of certain 
reds and blues, but its chief consumption is for hlachs, which are obtained of 
various intensities, by means of iron and alum bases. 

Hcematoxyline (CieHyOg,HO), which has also been called hcematine, is 
procured by digesting the aqueous extract of the wood in alcohol. The 
alcoholic tincture, when submitted to spontaneous evaporation, deposits 
crystals of this substance. An aqueous solution of these crystals, does not 
become colored by exposure to air, but the addition of a few drops of 
ammonia causes the liquid to assume an intense-red color. By this reaction 
the hsematoxyline is converted into hcemateine (C^gHgOg), which may be 
procured in crystals of a purple-black color with a metallic lustre. The 
crystals dissolve in water, giving to the liquid when concentrated, a deep 
purple tint. This compound differs from hsematoxyline in containing 1 atom 
less of hydrogen. 

Braziline (CggH^^O^J is the red-coloring principle of Brazil-wood. It 
may be procured in small prismatic crystals, which are soluble in water, 
alcohol, and ether. A decoction of the wood is of a reddish-brown color ; 
it acquires a rich purple hue by the addition of alkalies. The coloring 
principle, Braziline, when treated with ammonia and exposed to air, is 
converted into a new compound, hrazileine, which is of a deep purple color. 
An alcoholic solution of braziline is a delicate test for the presence of alkalies ; 
and paper which has been dipped in a decoction of Brazil-wood and dried, 
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is sometimes employed for this purpose. The red color given by the Brazil- 
wood is very fugitive. 

Brazil-wood is distinguished from logwood by its paler hue, and by the 
precipitates which its infusion forms with acetate of lead, protochloride of 
tin, and lime-water : these are crimson, instead of being violet-colored as 
with logwood. The infusions of both woods are rendered yellow by a drop 
of sulphuric or hydrochloric acid. Red ink is usually made by boiling about 
two ounces of Brazil-wood in a pint of water for a quarter of an hour, and 
adding a little gum and alum. 

Santaline. Santaleine. — Red Sanders is the name given in this country 
to the wood of the Pterocarpus santalinus, a large tree which grows upon the 
Coromandel coast, and in other parts of India, especially Ceylon. The 
coloring principle of this wood is Santaline, a white crystalline powder, 
which speedily reddens on exposure to air,. It is instantly reddened by 
alkalies, and furnishes red solutions with the greater number of the dilute 
acids. It dissolves in water, alcohol, and ether, and when its aqueous 
solution is long boiled under exposure to air, it is converted into santaleine, 
which is a dark red crystalline, substance. Its probable formula is C^gHj^Og, 
but the composition of this substance and of santaline has not been accurately 
determined. 

Anohusine. Anchusic Acid. — These terras have been applied to the 
coloring matter of the root of Alkanet (Anchusa tinctoria)^ a species of bugloss, 
which is a native of. the warmer parts of Europe, and is cultivated in our 
gardens. Large quantities are raised in Germany and Prance. Aiichusine 
(CjyH^o^J has the characters of a resin j it is dark red, and of a resinous 
fracture, softened by heat, insoluble in water, soluble in alcohol, and very 
soluble in ether and in fat and volatile oils, to all which it communicates a 
bright red color. 

Lac. — This is a resinoid substance, the production of which appears to 
depend upon the puncture of a small insect (the Gocus Jicus), made for the 
purpose of depositing its ova, upon the branches of several plants, especially 
the Ficus religiosa and Indica (p. 5tl). The coloring matter of lac is pre- 
pared in India, and is extensively used as a scarlet dye-stuff, for the production 
of which it is a most efficient substitute for cochineal. Two forms of it are 
imported, called lac-lahe and lac-dye. These substances contain about 50 
per cent, of the red coloring matter, mixed with more or less of the resin, 
and with earthy matters, said to consist chiefly of chalk, gypsum, and sand. 

Cochineal-red. (7arm^V^e.— -The substance known in commerce as cochi- 
neal, consists of the dried female insects of a species of coccus. It is imported 
from Mexico and other countries. The insects, when powdered, yield a deep 
reddish-black substance, which, when boiled in water, forms a dark-red 
solution that speedily undergoes decomposition. If to the fresh-iiitered 
liquid a solution of alum or acid tartrate of potassa is added, a precipitate 
is slowly formed, which consists of the coloring principle of the insect, united 
to some animal matter. This is commercial carmine. In general the pigment 
is prepared by boiling cochineal in a weak solution of carbonate of potassa 
or soda, and adding to the filtered liquid, a solution of alum and cream of 
tartar. The coloring principle is then slowly precipitated with alumina, 
forming carmine-lake. The precipitation is sometimes accelerated by the 
use of gelatine or albumen. The purest form of the coloring principle is 
obtained by the following process : The powdered insects are boiled in 
ether, to separate fatty matter. They are then boiled in alcohol, until this 
liquid is saturated with color, and from the alcoholic decoction, the carmine 
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is deposited on cooling. This principle is soluble in water, forming a rich 
red solution, which is heightened by acids, and changed to a deep red crimson 
by alkalies. It is also soluble in alcohol, but not in ether. A variety of 
carmine now prepared is scarcely dissolved by water; but when a few drops 
of ammonia are added, it forms a splendid red solution with a slight crimson 
tint. Its composition has not been accurately determined. A substance 
procured from cochineal by Pelletier, by a process similar to that which has 
been above described, is known under the name of Garmeine or Goccinelline 
and its composition is represented as CggHagOgoN. Garminic acid^ which is 
obtained by precipitating an aqueous decoction of cochineal by acetate of 
lead, and decomposing the washed precipitate by sulphuretted hydrogen, has 

the composition of (j^J^ifi^^- 

Gtjano-colors. Murexide (from Murex^ a shell-fish, the supposed source 
of Tyrian purple.) — This is commonly known as the purpurate of ammonia 
of Prout : it is an animal-red of a rich purple shade. It is procured by the 
reaction of nitric acid on uric acid, and has been lately largely manufactured 
from guano as a dye-pigment. The guano is first digested in hydrochloric 
> acid to remove foreign substances ; the residue, consisting of acid and sand, 
is treated with soda ; this dissolves out the uric acid, which may now be 
readily procured by neutralizing the liquids with hydrochloric acid. Nitric 
acid converts uric acid, in the cold, into alloxan; and dilute nitric acid 
heated, converts it into alloxantine. When uric acid is dissolved in nitric 
acid of a sp. gr. of 1*40, and the solution is heated, the color is brought out 
by adding to the acid liquid when cold, ammonia or its carbonate, until a 
slight ammoniacal odor is imparted to it. Dr. Gregory advises that seven 
parts of alloxan and 4 parts of alloxantine should be dissolved in 240 parts 
of boiling water, and this solution added while hot to 80 parts of a cold 
saturated solution of carbonate of ammonia. The liquid becomes opaque, 
owing to the intense purple color produced, and crystals of murexide are 
deposited on cooling. 

The crystals are square prisms. Like rosaniline, carthamine, and some 
other reds, they have a rich green color like that of beetles' wings by re- 
flected, but are purple-red by transmitted light. They are but slightly solu- 
ble in cold water, which, however, acquires a strong color; they are soluble 
in boiling water, and are insoluble in alcohol and ether. The color is de- 
stroyed by ammonia and sulphuretted hydrogen. Potassa dissolves murexide, 
forming a rich purple solution, but the color is destroyed on boiling. When 
to this colorless solution, an excess of dilute sulphuric acid is added, murexan 
is precipitated. This is considered to be identical with uramile and the 
purpuric acid of Dr. Prout. 

A solution of murexide is precipitated by the solutions of various metallic 
salts. In dyeing silk with murexide, corrosive sublimate is used as a mor- 
dant ; in dyeing cotton, a salt of lead, and in dyeing woollen, a double chloride 
of tin and ammonium. 

There is no agreement among-chemists respecting the formula of murexide; 
and the discrepancies which exist appear to be at present utterly irrecon- 
cilable. The chemical changes which take place in its production cannot be 
represented, therefore, by any correct equation. 

The vegetables which afford the different shades of yellow used as pig- 
ments, and in the arts of dyeing and calico-printing, are very numerous, but 
definite crystallizable principles have been only in a few instances obtained 
from them. 

Annotto. — This substance is derived from the pulp of the seeds of the 



QUEECITRINE. WELD. PERSIAN BERRIES. 625 

Bi'xa Orellana, a shrub which is native in South America, but cultivated in 
Guiana and St. Domingo, and also in the East Indies. It is usually met 
with in a pasty form, of a deep orange-red color, nearly tasteless, and of a 
disagreeable odor. It is but little soluble in water, but alcohol and ether 
act upon it more readily, forming solutions, which, when evaporated, leave 
the coloring-matter in the state of powder. It is soluble in the alkalies and 
their carbonates, forming dark-red liquids, in which the acids occ^asion 
orange-red precipitates. Annotto contains a yellow and a red coloring- 
matter ; the former soluble in water and in alcohol, and slightly soluble in 
ether, and giving a yellow dye to silk and wool mordanted with alumina; 
the latter little soluble in water, but spluble in alcohol ahd ether, as well as 
in the alkalies, and rendered blue by sulphuric acid. Annotto is chiefly 
used as a dye for silk, giving various shades of orange. The color which it 
imparts is less affected by soap, acids, and chlorine, than most other similar 
dyeing materials, but it does not well resist the joint agency of hght and air. 
In Gloucestershire and Cheshire it is used to color cheese, and sometimes 
butter and milk. It is employed as a color in varnishes. 

QuERCiTRiNE. — This is the coloring principle of the inner bark of quercit- 
ron (Quercus niffra or tinctoria). It may be obtained from the aqueous de- 
coction, of the bark. It has a sweetish-bitter taste, and is soluble in water, 
alcohol^ and ether. On exposing its aqueous solution to air, it becomes 
deep yellow and deposits a yellow precipitate : if this solution is boiled in a 
shallow basin, it becomes turbid, and deposits a quantity of yellow acicular 
crystals of quercitreine. Quercitrine forms yellow solutions with the dilute 
mineral acids. With the alkalies, its solution, if exposed to air, is dark 
brownish-yellow. With acetate of lead the precipitate is white, and may be 
dried without change of color, provided air is excluded. According to 
Preisser, the formula of quercitrine is CggH^gO^^ ; and that of quercitreine, 
when dried at 21 2^, O^Jl^^O^^. A decoction of quercitron bark deprived of 
its tannic acid, by a little gelatin, produces a fine yellow upon fabrics mor- 
danted with alumina, and various shades of olive with iron mordants. It is 
much used in calico-printing. 

Fustic. — This dye-stuff is the wood of the Morus tinctoria, a large tree 
which grows in Brazil, Jamaica, and most of the West Indian Islands. 
When a concentrated decoction of fustic cools, it deposits a yellow crystal- 
line matter, to which Chevreul has given the name of morine. 

Weld.— This, which is the gaude or vaude of the French, consists of the 
dried leaves and stem of the Reseda luteola, a plant indigenous in Britain 
and other parts of Europe. The whole herb is gathered when in seed, at 
which period its dyeing power is greatest. There are two kinds of weld, the 
cultivated and the wild ; the former is richest in coloring matter. The 
decoction of this plant has a slightly acid reaction and a greenish-yellow 
color, which is deepened by alkalies, and rendered paler by dilute acids. It 
contains a coloring principle called luteoline. 

Persian Berries. — Under this name, the berries of the Rhamnus tinctoria. 
are known amongst painters and cahco-printers. They contain a coloring 
principle called rfiamnine. This is obtained from an ethereal tincture of the 
berries. It is an almost colorless crystalline powder, of a bitter taste, and 
soluble in water, alcohol, and ether. These solutions soon acquire a yellow 
color by exposure to air, the rhamnine passing into rhamneine. Nitric and 
chromic acids, bichromate of potassa, and other oxidizing agents, immedi- 
ately produce the same change ; and under the influence of alkalies, the 
liquids acquire, on exposure, a dark-brown color. 
40 
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Ghrysorhamnine^ or Rhamneine, and Xanthorliamnine ^ are yellow coloring 
principles, also obtained from these berries. 

Turmeric. — This is the root of the Curcuma longa^ a plant which is a 
native of the East Indies, and much cultivated about Calcutta, and in all 
parts of Bengal ; also in China and Cochin-China. The tubers of this 
plant, commonly called turmeric^ contain a coloring principle GsMed curciwiine. 
It is obtained by treating the watery extract of turmeric by boiling alcohol of 
sp. gr. 0'80, and evaporating the filtered tincture. The residue is digested 
in hot ether : this dissolves the curcumine, which is deposited, on the evapo- 
ration of the ether, in the form of an inodorous, transparent, reddish sub- 
stance, not crystalline, and acquiring "a fine yellow color when rubbed to 
powder. It fuses at 105°, and is scarcely soluble, even in hot water, but 
readily soluble in alcohol and ether, and in fat and volatile oils. It there- 
fore approaches in its characters to the resins. 

Tu7^meric paper for chemical use is best prepared with a strong tincture of 
turmeric in proof-spirit. 

EuxANTHiNE. A substaucc under the name of Purree, or Indian yellow, 
is imported from India and China ; its origin has not been well ascertained, 
but it is supposed by Stenhouse to be the juice of some unknown plant, mixed 
with magnesia. It has an odor somewhat resembling that of castor, and 
was therefore suspected to be of animal origin, add derived, perhaps, from 
the gall of the elephant or camel. The crystallizable principle which it 
contains, and which may be conveniently termed euxanthine (LowiG, i. 888), 
may be separated by boiling the crude purree in water, and treating the 
residue, which is of a fine yellow color {euxanthate of magnesia), with hot 
dilute hydrochloric acid. The euxanthine crystallizes as the liquid cools, 
and may be purified by dissolving the washed crystals in alcohol, and recrys- 
tallizing. Euxanthine is readily soluble in ammonia, potassa, and soda, 
forming yellow solutions, which yield crystalline compounds, soluble in w^ater, 
but insoluble in solutions of the alkaline carbonates. When euxanthine is 
dissolved in a hot solution of carbonate of ammonia, potassa, or soda, car- 
bonic acid escapes, and crystalline euxanthates are formed. These salts are 
soluble in alcohol. Euxanthine has the composition of O^Jl^fi^^. 

Coal-tar Colors. — The use of many of the coloring matters described in 
the preceding pages, has been in a great measure superseded by the discovery 
of various simple methods of producing almost every variety of color, in its 
highest perfection, from the tarry oils obtained in the distillation of coal. 
These discoveries are among the most remarkable of modern chemistry. We 
can here only advert to them in general terms. The gaseous and liquid 
products of the destructive distillation of coal have been already referred to, 
(p. 254). Although coal itself is simply a compound of five elements, C.H- 
O.N.S., yet, according to the mode in which it is treated, the gaseous and 
liquid substances obtained from it, amount to no fewer than fifty-one, some 
of these having a most complex composition. AniliJie is found among them, 
but the quantity contained in coal-tar oil is too small, to render its extrac- 
tion for the manufacture of colors practically available. In addition to 
aniline, the tarry-oils contain benzole (p. 564) and phenole or carbolic acid 
(p. 564), which are the principal substances employed in this manufacture. 
They may be separated from the other products by fractional distillation, and 
from each other by chemical processes. 

AniUiie-purple. Mauve. — Among the various methods of procuring 
aniline-purple may be mentioned that adopted by Messrs. Dale, of Man- 
chester. Their process is based upon the fact that salts of aniline, when 
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heated with a solution of chloride of copper, completely reduce it to the 
state of subchloride, with the simultaneous formation of a black precipitate, 
containing aniline-purple. One equivalent of a neutral salt of aniline is 
dissolved in water, and boiled for several hours with six equivalents of chloride 
of copper, a mixture of alkaline chlorides and copper salts being employed 
for this purpose. When the reaction is completed, the mixture is filtered, 
the black precipitate well washed and dried, and afterwards digested repeat- 
edly in dilute alcohol, in order to dissolve out the coloring-matter, which it 
contains in a remarkably pure state. By heating anhydrous hydrochlorate 
of aniline with nitrate of lead to 360°, a bronze-like brittle mass is obtained, 
which contains aniline red mixed with aniline-purple. The red may be 
separated from the purple by boiling water : one grain of it will strongly 
color a gallon of water. These coloring-matters are fixed on cotton by a 
new mordant ; the goods are prepared with a solution of the color and 
tannic acid, and are then passed through a bath containing tartar emetic. 
The tannate of antimony produced, serves to fix the dye. 

By methods already described, benzole is easily converted into nitrobenzole, 
and this product into aniline (p. 520). When bichromate of potassa is 
added to a mixture of aniline and sulphuric acid (sulphate of aniline), a 
splendid purple dye is produced, which may be procured as a dark-red 
colored solid. When dissolved in water, this substance forms a dye of a 
rich purple color, known under the name of Mauve or aniline purple. This 
important discovery was made by Mr. Perkins. Aniline-purple is not very 
soluble in cold water, but it is dissolved more readily by hot water, or by 
water slightly acidulated. It is thrown down from its solution by alkalies. 
It is decomposed and destroyed by strong nitric acid and chlorine. Alcohol 
dissolves it, and its tinctorial power is said to be such, that one-tenth of a 
grain of the solid dye will form a rich violet-colored solution with a gallon 
of alcohol (Hofmann). The exact constitution of aniline-purple is not known. 
It forms insoluble blue and purple precipitates with corrosive sublimate and 
tannic acid. Tannic acid is used as a mordant for fixing the dye on cotton, 
the aniline-purple being dissolved in acidulated water. In calico-printing, 
the color is mixed with gum and fixed by albumen, according to the method 
already described (p. 616). Wool and silk are readily dyed by an aqueous 
solution without a mordant, at a temperature of about 120°. 

Aniline-red. Magenta.—. KmlmQ yields red colors with various chemical 
reagents. Thus, when mixed with sulphuric acid and treated with peroxide 
of lead, it yields a rose-colored compound, which has been called Roseiiie; 
and when heated with bichloride of tin, corrosive sublimate, nitrate of mer- 
cary, arsenic acid, or indigo, it produces a crimson compound, known under^ 
the name of Fuchsine. The production of color from a colorless organic 
compound, is remarkably shown in the reaction of corrosive sublimate on 
aniline. The white mineral solid and the aniline form by mixture a colorless 
paste : but when this is heated, it acquires an intense crimson color. From 
this colored product, which appears to be a salt, Mr. Nicholson succeeded in 
procuring a colorless crystalline body, Rosoniline {O^Jl^^fi)^ which acts 
the part of a base, and which, on entering into combination with acids at a 
moderate heat, produces the well-known crimson dye {Magenta). The salts 
of rosaniline may be obtained on evaporation, perfectly crystalline. The 
acetate crystallizes in splendid octahedral crystals, which have by reflected 
light the metallic greenish color of beetles' wings; but when dissolved in 
water, they form a solution of an intense crimson color. Silk and woollen 
readily take this dye, without the aid of a mordant. Cotton and linen require 
to be mordanted with albumen. When aniline is heated with bichloride of 
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tin to a high temperature in a close vessel, a rich blue dye is produced, which 
is known under the name of Bleu de Paris, 

The colors which are obtained by these processes, depend on the oxidation 
of aniline, and they vary with the degree of oxidation. Thus the same in- 
gredients yield a violet, purple, or red color, according to the proportions in 
which they are used. Mr. Price found that aniline-red (roseine) was pro- 
duced by boiling together, 1 equivalent of aniline, 1 equivalent of sulphuric 
acid, and 2 equivalents of peroxide of lead; and aniline purple (purpurine) 
was the product, when 2 equivalents of aniline, 2 equivalents of sulphuric 
acid, and 1 equivalent of peroxide of lead were employed. The redness of 
the tint appears to increase with the degree of oxidation. According to 
Girard, 10 parts of anihne, added to a mixture of 12 parts of arsenic acid 
in 12 parts of water, gradually heated to about 248° and not above 32 0^, 
yield a rich aniline-red with a slight violet tint. When the same quantity of 
aniline is used with 24 parts of arsenic acid in 24 parts of water, an aniline 
purple or violet color is obtained. Of all the processes yet suggested, it 
appears that there is none which, for economy and perfection of color, sur- 
passes that originally devised by Mr. Perkins. In this, the oxidation of 
aniline is effected by bichromate of potassa. The selection of a proper mor- 
dant materially afiPects the results. Of all the mordants yet proposed for the 
aniline dyes, the stannate of soda appears to be the most efficient. 

A yellow dye is obtained by the reaction of strong nitric acid on phenole 
or carbolic acid {see p. 564). The product is picric or carhazotic ctcid^ the 
properties of which have already been described (p. t66). Silk, when im- 
pregnated with alum, acquires a rich yellow color by immersion in a solution 
of this acid. Various shades of green may be obtained by the admixture of 
the yellow of picric acid, with indigo, and other blues. 

CoLORiNG-MATTER OF Flowers.— Thesc are principally blue, (Antho- 
cyanine) ; red^ (Antherythrine ; and yellow, (Anthoxanthine) : they have as 
yet been imperfectly examined ; many of them are very fugitive, change con- 
siderably in tint, and are often altogether destroyed, on drying; others are 
comparatively permanent. According to Thompson, the expressed juice of 
most red flowers is blue, whence he infers that the coloring-matter in the 
petals is reddened by carbonic acid, which escapes on exposure. The violet 
is colored by a blue matter which is changed to red by acids, and first to 
green, and then to yellow by alkalies, the green probably resulting from the 
mixture of blue and yellow. The petals of the red rose, when triturated 
with a little chalk and water, yield a blue liquid which is rendered green by 
alkalies and their carbonates, and restored to red by acids. The same blue 
coloring-matter as that of the violet, exists in many other flowers, and seems 
also to form the most usual red of the red flowers, in which it is apparently 
reddened by an acid, for many of these reds become blue when cautiously 
neutralized by an alkali, and green and yellow by an excess of alkali. This 
is also the case with the red of the red cabbage and of the radish. Some of 
these reds become blue merely on being bruised, and give blue infusions with 
water. The color of yellow flowers is generally more permanent than that 
of the blue or red ; it is rendered paler by acids, and deeper by alkalies. 
Most of the coloring-matters of the petals of flowers, are extremely suscep- 
tible of the bleaching influence of sulphurous acid and chlorine. The 
coloring-matter of yellow flowers, is partly soluble and partly insoluble in 
water and spirit. The red petals of Papaver rhceas yield a red solution with 
lime-water or carbonate of soda ; potassa renders it green, and hydrochloric 
acid pale red : the color of red rose-leaves is brightened by acids, and ren- 
dered green by alkalies. 
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CoLORTNG-MATTER OP LEAVES. GMoropJiylline, XanthopTiyUine. Ery- 
throphylline. — Cliloro'p'hylline (C^gHgOgN), from which leaves and herbage 
derive their green color, may be procured by digesting the crushed leaves in 
renewed portions of ether ; this tincture is then evaporated on a water-bath, 
and the deposit which is formed, is separated, dried, and digested in alcohol 
so long as any green soluble matter is abstracted. Chlorophylline appears 
as a dark-green earthy substance, which is grass-green when reduced to 
powder. It fuses at about 390°. When moist, it is slightly soluble in 
alcohol, with a grass-green color ; when dry, it is less soluble, and the color 
of the solution is bluish-green. \Jt is similarly soluble in ether, and it com- 
municates a green color to oil -of turpentine and to fat oils. It is insoluble 
in water. When the ethereal solution of chlorophylline is long exposed to 
light, it acquires a yellow color, and on evaporation, leaves a residue having 
all the characters of xantJiophylline. 

Xanthophylline is a term applied to the coloring-matter extracted from 
the yellow leaves which fall in autumn. It was obtained from the leaves 
of a pear-tree by Berzelius, by digesting them for several days in a bottle 
entirely filled with alcohol of sp. gr. 0"833, and well stopped, so as to 
exclude air ; for when it is in contact with the leaves under these circum- 
stances, they change from yellow to brown. On distilling off the alcohol 
from the tincture thus prepared, and allowing the residue to cool slowly, the 
xanthophylline, together with a little resinous and fatty matter, is deposited. 
It is a dark-yellow substance, fusible at about llO^, and becoming transparent 
on cooling ; it is insoluble in water, sparingly soluble in alcohol, and readily 
soluble in ether. 

Erythrophylline. — It has been remarked by Berzelius, that all trees and 
shrubs, the leaves of which redden in autumn, bear red fruit or berries. 
(^Sorhus aucuparia, Prunus cerasus, Rihes grossularia^ &c.) He obtained 
this red coloring-matter from cherry and red-currant leaves, by digesting 
them, when in a proper condition, in alcohol, and distilling the red tincture. 
The changes of color which the leaves of many forest-trees undergo in 
autumn, passing from green to red, and from red to yellow, have been 
ascribed by Macaire-Prinsep to the action of certain chemical agents upon 
a single coloring-matter. {Ann. Oh. et PJi.^ xxxviii. 415.) But L. Gmelin 
has remarked, that chlorophylline is not rendered yellow by acids, nor 
xanthophylline red: and the properties of chlorophylline appear to show that 
it is not in itself susceptible of such changes of color. 



CHAPTEE LV. 

NEUTRAL NITROaENOUS SUBSTANCES. THE SOLID CON- 
STITUENTS OF THE ANIMAL BODY, AND SUBSTANCES 
DERIVED FROM THEM. 

ISTeutral nitrogenous substances are found in the vegetable and animal 
kingdoms : in the former they are represented by gluten, albumen, casein, or 
legumin : and in the latter by fibrin, albumen, casein, and gelatin. In 
addition to carbon, hydrogen, and oxygen, they all contain nitrogen, and the 
greater number contain variable quantities of sulphur and phosphorus : 
animal gelatin contains neither of these elements. These principles are 
important as articles of food to animals, and they are frequently described as 
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flesh-forming substances, in order to distinguish them from the neutral 
compounds of the three elements C.H.O., starch, gum, and sugar, which, 
according to modern theory, are only heat-producing. Although their 
elementary composition is well known, yet as they form no definite com- 
binations with other bodies, no correct rational formulae have yet been 
constructed to represent their constitution. There is no material difference 
in the composition of these substances, whether they are derived from the 
vegetable or the animal. It has been suggested that, with the exception of 
gelatin, they are derivatives from a common principle, to which the name of 
protein is given (rtpcoi's'uco, to take the first place) ; and that this consists of a 
definite number of atoms of carbon, hydrogen, oxygen, and nitrogen : hence 
they are generally described as proteinaceous substances. Their centesimal 
composition, as furnished by the combustion-tube, is given in the following 
table. From this it will be perceived, that the differences in elementary 
constitution are slight, and that differences in properties are probably due to 
molecular arrangement. 



Albumen. 


Emulsin. 


Casein. 


Legiimin. 


Gluten. 


Fibrin. 


Protein. 


Carbon . 54-8 


50-9 


54-9 


50-7 


55-2 


54-6 


55-0 


Hydrogen 7*1 


6-8 


7-1 


6-8 


7-5 


6-9 


6-9 


Oxygen . 21-2 


23-4 


22-2 


24-9 


21-4 


22-8 


220 


Nitrogen. 16-9 


18-9 


15-8 


17-6 


15-9 


15-7 


16-1 



In the above analyses, the sulphur and phosphorus are in included in the 
amount of oxygen. The proportion of sulphur and phosphorus, according 
to Mulder and Scherer, is on an average about 1 per cent. : in seralbumen, 
it was found to be 1*1 ; in ovalbumen, 0'82 ; and in the fibrin of ox-blood, 
it varied from 1-31 to 1*59 per cent. In casein, the proportion is less than 
in albumen. Owing to their complex constitution, and as a result of the 
loose attraction of their elements out of the living body, these principles, 
when exposed in a moist state to air at a proper temperature, undergo spon- 
taneous changes, and are ultimately converted into water, ammonia, carhonic 
acid, and other inorganic compounds. In the stage of transition, noxious 
and offensive effluvia, consisting of compounds of nitrogen, sulphur, and 
phosphorus, with hydrogen, are evolved ; and to this stage the term putre- 
faction is applied. The conditions necessary for this process are the follow- 
ing :— 

1. Temperature. — Putrefaction occurs at any temperature above 50°. 
That which is most favorable, varies from 70° to 100°. It most probably 
acts by increasing the afSnity of the elements for each other. Too high a 
temperature coagulates or dries the substance, and thus arrests decomposition, 
while too low a temperature also prevents it. The greater number of animal 
substances may be indefi^nitely preserved at or below the freezing-point, and 
when slowly thawed, they generally regain their original characters: it is 
in this way that supplies of animal food are kept in a fresh state, in many 
parts of the north of Europe, and that fish is preserved for the London 
market. A remarkable instance of the preservative power of cold, was 
exhibited in the discovery of an ancient elephant, in a mass of ice, at the 
mouth of the River Lena, in Siberia. {Mem. Imp, Acad. St. Petersh., and 
Quart. Journ. of Science, &c., viii. 95.) The Laplanders preserve reindeer's 
milk in a frozen state, and when thawed, after the lapse of several months, 
it perfectly retains its original characters. 

2. Moisture is a condition essential to putrefaction. When flesh is care- 
fully and thoroughly dried, either by a current of warm and dry air, or by 
other methods which do not alter its composition, it resists decay. It has 
thus occasionally happened that corpses have been preserved for long periods 
by accidental desiccation ; and animal substances which are either naturally 
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dry, or rendered so by art, retain their nutritive powers, and resume their 
former appearance when cautiously moistened. The various forms of gelatin 
and albumen, when desiccated are imperishable ; whilst in aqueous solution, 
or in their original humid state, they are the most perishable of all animal 
proximate principles. 

3. Air, or at least oxygen, if not absolutely essential to, is a powerful 
promoter of putrefactive changes, and, under certain circumstances, its 
exclusion indefinitely retards them. Hence, the rapidity of putrefaction in 
pure oxygen ; and its retardation in gases, which either do not contain 
oxygen, or in which it is held by superior attractive power. Thus, in deut- 
oxide of nitrogen, which contains more thau half its weight of oxygen in 
an intimately combined state, and which absorbs all free oxygen brought in 
contact with it, we have kept pieces of beef perfectly fresh, in one experiment 
for 126, and in another experiment for 224 days. . Even under water, when 
oxygen is strictly excluded, putrefaction is greatly retarded, and modified in 
its results. Meat immersed in water previously boiled to expel air, and 
then covered by a layer of oil, to prevent its subsequent absorption, may long 
be kept fresh. 

In the putrefaction of animal matter, if there is not a sufficient supply of 
air to oxidize the products, ammonia and sulphuretted hydrogen abound. 
Thus, in bodies buried in coffins, we have found these products even after 
six years' interment. If water has had access to the body, a singular change 
takes place. The flesh and all the organs become sodden, white, and 
unctuous to the touch, and the soft parts are so coherent, that although the 
animal substance is preserved, the organs can no longer be recognized. On 
boiling this white substance in water a large quantity of oil rises to the 
surface, and ammonia escapes : the oily matter solidifies on cooling. This 
substance has been called adipocire, from its supposed resemblance to a 
mixture of wax and fat ; and its formation has been ascribed to the reaction 
of ammonia, evolved during putrefaction, on the fatty acids, whereby a soap 
of margarate, stearate, and oleate of ammonia is produced (p. 574). We 
have examined a body thus metamorphosed, after eight years' burial. The 
result was that, while the fatty parts of the body had undergone this change, 
the muscular tissue still preserved a fibrous character. It was simply altered 
fibrin, in which the ordinary course of decomposition had been modified, by 
constant immersion in water and want of free access of air. 

In the process for the preservation of animal and vegetable food, the sub- 
stances are heated and hermetically sealed in tin canisters, the included 
oxygen is converted into carbonic acid, or enters into other combinations. 
The partially boiled or roasted meat (free from any tainted portions), with 
half-dressed vegetables, and soup, are introduced into a canister, which is 
then soldered up, with the exception of a small hole left in the lid : the 
canister is placed in a saline bath, heated to a few degrees above the 
boiling-point of water, and when steam is copiously issuing from the aper- 
ture, it is dexterously soldered up, so that the canister is not only hermeti- 
cally sealed, but a vacuum is created within it : it should be strong enough 
to resist atmospheric pressure. The success of the process is indicated by 
the ends of the canister, when sealed, being concave, as a result of atmo- 
spheric pressure. When the substances have undergone putrefaction, owing 
to the failure of the process, the ends of the canister bulge out, if the gases 
produced cannot escape. In 1846 we examined one of the canisters that 
had formed part of the stores of the Blonde frigate, which was despatched 
to the Sandwich Islands in 1826, and circumnavigated the globe. Although 
twenty years had elapsed, the contents were found good and wholesome : 
they were readily consumed by persons who were not aware of the long time 
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daring which they had been preserved. We have another canister from the 
same ship still in our possession. Oil, butter, suet, and such substances, are 
sometimes effectual as preservatives of food ; and potted meats, when covered 
with a film of fatty matter, which is not prone to change, are thus preserved 
from the contact of air. 

For the preservation of animal substances for scientific purposes, we have 
found the following solution, recommended by Mr. Goadby, to be very effi- 
cacious: bay-salt, 4 ounces; alum, 2 ounces; corrosive sublimate, 2 grains; 
water, 1 quart. The preparation should be first well soaked in a portion of 
the liquid, and then transferred to a vessel containing a fresh solution 
filtered. We have preserved in this liquid for upwards of twelve years, the 
entire body of a bird, as well as hen's eggs deprived of their shells by immer- 
sion in dilute acetic acid. 

Yarious chemical liquids have been recommended as antiseptics. For the 
purposes of embalming, solutions of arsenic and chloride of zinc have been 
used. Carbolic acid combined with an alkali has been found to possess 
strongly preservative properties (p. 564); but its offensive odor is adverse 
to its employment for anatomical purposes. 

Albumen. 

This term is applied to an organic principle wich is soluble in cold water, 
but when its solution is heated to about 160^, it becomes more or less 
opaque, and deposits w^hite flakes, or if concentrated, forms a coagulum ; 
and when thus coagulated, it is insoluble in water. It is the most widely 
diffused of all the principles in the animal body. It exists as a liquid in 
lymph, chyle, milk, and in the blood, of which it forms about t per cent., 
in the salivary and pancreatic fluids, the humors of the eye and the brain. 
In certain forms of disease it is found in the bile and urine. As a solid it is 
a constituent of skin, of the brain, nerves, glands, and cellular membrane, 
and it is the chief component of horn, hair, nail, feathers, wool, flannel and silk. 
Albumen occurs in solution in the sap or juices of most vegetables, as of the 
potato, carrot, turnip, cabbage, asparagus, &c. ; it is a constituent of the 
seeds of the cereal grasses, and of almonds, filberts, and most of the oily 
nuts; it abounds in the juice of the common hoaseleek, and in the shoots of 
young plants. The properties of albumen are best studied in the white of 
egg (ovalbumen), or in the serum of the blood (seralbumen), so that we shall 
first consider its characters as derived from these sources, and afterwards 
advert to its existence in other animal and vegetable products, where it is 
found both in the liquid and solid state. 

Ovcdbumen.—The albumen of the white of Qgg is contained in a delicate 
membranous texture {oonin)^ from which it may be separated by agitation 
or trituration with three or 4 parts of water, when the cellular membrane is 
gradually deposited, and the albumen remains in solution. It is difficult to 
obtain it in a clear solution unless it is very dilute, in which case it passes 
the filter : a drop or two of caustic potassa added to the white of Q^g dis- 
solves the membrane, and then the solution may be more easily filtered. 
When carefully dried by a gentle heat, or by evaporation in vacuo, in a 
vessel containing chloride of calcium, ovalbumen is obtained in the form of 
a brittle transparent yellow substance, inodorous, insipid, and when triturated 
with cold water, resuming its original glairiness. When heated, it exhales 
the usual products of azotized organic bodies, and a residue of carbon re- 
mains, which is very difficult of incineration. It leaves about 6 or Y per 
cent, of saline matter, composed of carbonate, phosphate, and sulphate of 
soda, phosphate of lime, and chloride of sodium, with traces of potassa and 
magnesia. 100 parts of ovalbumen, when evaporated in vacuo, leave a resi- 
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due of from 10 to 15 parts of albumen and salts. Direct experiment shows 
that in the white of egg (glohulin) , the solids amount, on an average, to 12 
per cent. ; and in the yelk {vitellin)io 3t'l per cent. In the latter there is 
a large quantity of yellow oil containing phosphorus, which appears to give 
color to the yelk. This oil may be removed by alcohol or ether. 

The following Table, based on direct experiments, shows the solid contents 
of the principal albuminous liquids in 100 parts : — 

White of egg. Yelk. Serum (blood). Serum (milk). Serum (Anasarca). 

Sp. gr. .... 1-041 ^ 1-030 1-027 1-009 

Dry organic matter 10-8 
Ash 1-2 

Water . . . .88-0 



854 


7-0 


4-5 


1-1 


2-0 


2-0 


1-1 


0-6 


62-9 


91-0 


94.4 


98-3 



100-0 100-0 100-0 100-0 100-0 

Seralhumen. — The albumen of the serum of blood resembles that of white 
of egg ; in reference to chemical properties, they may be considered as 
identical. They are both slightly alkaline, and are miscible with water in 
all proportions. When evaporated to dryness at a low temperature, reduced 
to powder, and digested in cold water, the albumen of serum is difficult of 
solution, unless a small quantity of potassa or soda is added. 

A moderately strong aqueous solution of albumen (white of Qgg, or serum) 
is without taste or odor : it is adhesive, and when dried in a streak on paper, 
it presents a varnished surface. Like a solution of gum (arabine), it exerts 
a left-handed rotation on polarized light. It is insoluble in and precipitated 
by alcohol. It appears to be converted into coagulated or solid albumen 
by this reagent, as it is no longer soluble in water. Heat. — When the 
solution is heated to about 150^ it becomes opalescent, and at about 170° 
it coagulates, forming a white, translucent, and somewhat elastic substance, 
with which we are familiar in a hard-boiled ^gg ; and when in this state, it 
is cautiously dried, it no longer remains soluble in water, but becomes tough 
and horny ; so that there' is this characteristic distinction between albumen 
which has, and that which has not undergone previous coagulation. As 
this coagulation ensues in close as well as in open vessels, it may be concluded 
that the proportion of water in the recent and in the concrete albumen is tile 
same. Two parts of white of egg and one of water entirely coagulate when 
duly heated, but equal parts remain, under the same circumstances, semifluid ; 
a mixture of 1 part of white of ^gg and 10 of water becomes opaque, but 
is not coagulated ; and milkiness is perceptible when the white of ^gg forms 
only a thousandth part of the heated solution. Hence, heat furnishes the 
best test for the detection of this principle. Albumen thus coagulated, has 
the chemical properties of fibrin. When a new-laid %gg is immersed in 
boiling water, the white does not so readily coagulate as in an old ^gg, a 
distinction, perhaps depending upon the Qgg having, in the latter case, lost 
a portion of water by evaporation through the shell, and being therefore in 
a somewhat less dilute state than in the fresh Qgg. When dilute albumen is 
boiled, it coagulates and, though heavier than water, becomes blended with 
air, and forms a scum, which rises to the surface, and is effectively used in 
the clarification of certain liquids. 

The cause of the coagulation of albumen by heat has not been explained. 
** It is," says Dumas, " probably a simple isomeric modification of this body, 
analogous to that by which cyanic acid is converted into cyanuric acid ; so 
that it would be interesting to determine whether the atomic weight of 
coagulated albumen, is not double or triple that which belongs to liquid 
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albumen" (p. 5Y4). When coagulated albumen is boiled in water for several 
hours, it becomes horny, communicating to the water traces of organic and 
saline matters. 

Acids. — A clear aqueous solution of serum or of white of egg may be 
neutralized by acetic acid, without coagulation ; hence it is inferred that the 
solubility of albumen does not depend on the presence of free alkali. Among 
vegetable acids the acetic, tartaric, oxalic, and gallic acids have no action 
upon the solution ; but it is precipitated in an insoluble form by tannic acid 
(tannate of albumen). When a moderately strong solution is boiled with 
acetic acid, it is not coagulated ; but a gelatinous compound results, which 
dissolves in an excess of acetic acid and water. 

An acetic solution of albumen is precipitated by sulphuric, nitric, and 
hydrochloric acids, as well as by a solution of ferrocyanide of potassium. It 
is also precipitated slowly in the cold, but rapidly, when warmed, by solutions 
of neutral salts, e. g., chloride of sodium, nitrate of potassa, and sulphate 
of soda. It is remarkable that the solutions of these salts have no action on 
a solution of albumen, and do not prevent its coagulation by heat ; but 
when acetic acid is present, albumen is thrown down, at even a low tem- 
perature, in an insoluble form. 

It is probable that by some chemical change analogous to this, soluble is 
converted into insoluble albumen in the living body. All that is required is 
the presence of a free acid (lactic, acetic, or hydrochloric) and chloride of 
sodium. A temperature of 98°, w^hich would not alone suffice for the trans- 
formation, would in the presence of these substances, bring about the con- 
version. 

It is less easy to explain the metamorphosis of soluble into insoluble 
albumen, during the process of incubation. The temperature to which the 
^gg of the hen is submitted at intervals for a period of three weeks, is about 
104°. Having examined a freshly laid %gg, and another which had reached 
the 22d day of incubation, we found the following differences : in the recent 
Qgg the albumen was entirely soluble in cold water, and on incineration, iron 
and phosphate of lime were found both in the albumen of the white and the 
yelk. In the incubated Qgg^ there was a perfectly developed chicken, the 
albumen of the yelk being contained within its abdomen. The soluble 
albumen of the white, had assumed the insoluble condition, and existed in 
the form of feathers, beak, claws, cellular membrane, and of the soft organs 
generally, the blood retaining a portion in the liquid state. There was no 
difference in the amount of iron and phosphate of lime. The shell was 
thinner and more brittle. The metamorphosis cannot be explained on purely 
chemical principles. These might show how one form of albumen passes 
into another ; but no chemical theory can account for the conversion of one 
portion of insoluble albumen into feathers, and another portion into cellular 
membrane. We have here an illustration of organization, or the arrange- 
ment of matter, not according to physical and chemical laws, but by a force 
wholly different from them. Boerhaave, writing in 1727, says, in reference 
to this subject : "AH the parts of a chick-— as the blood, flesh, bones, &c.~~ 
are formed out of the bare white of egg ; for nothing but this is consumed 
during the time of incubation of the hen, the yolk all the while remaining 
entire." The results of incubation show that soluble is not only converted 
into insoluble albumen, but that it is convertible into fibrin, as muscular fibre 
is formed, and into gelatinous tissue, as it exists in the bones of the chicken. 

Concentrated sulphuric acid precipitates an aqueous solution of albumen 
immediately, but redissolves the precipitate. Hydrochloric acid acts in a 
similar manner ; when these acids are diluted, no immediate precipitate 
ensues ; but after some hours there is a white floccalent deposit. 
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Albumen, even in the coagulated state, like other protein-compounds, 
dissolves slowly in concentrated hydrochloric acid, at a boiling temperature, 
forming a reddish or purple liquid. When albumen has been thrown down 
by hydrochloric acid, it generally becomes reddish after washing and expo- 
sure to the air. This tint is somewhat characteristic of the varieties of 
albumen ; quill, horn, &c., exhibit it when boiled in the strong acid ; almonds, 
cocoanut, chestnuts, and other substances containing vegetable albumen, 
become similarly tinted. 

Nitric acid is the most effectual precipitant of albumen, and is generally 
employed as a test for its presence. Even in a diluted state, it throws down 
a white precipitate from an aqueous solution ; but this precipitate is quite 
soluble in a large excess of water. It may be, however, again thrown down, 
when strong nitric acid is added to the liquid. Phosphoric acid produces 
different effects on an aqueous solution of albumen, according to its state of 
hydration. The monohydrated acid throws it down in white flakes ; the 
terhydrated acid, not only does not precipitate it, but redissolves the former 
precipitate : hence albumen serves as a test to distinguish these acids. 

Alkalies. — Albumen' is soluble in aqueous ammonia, potassa, and soda. 
Alcohol added to the cold potassa solution, produces no precipitate ; and 
when the alkaline solution is boiled, the liquid becomes yellow, but the 
albumen is not coagulated. This alkali, even in the cold, however, alters 
the chemical characters of liquid albumen. Under common circumstances, 
acetic acid does not precipitate aqueous albumen : but when to the potassa- 
solution, a few drops of acetic acid are added, a dense precipitate is imme- 
diately produced. When a concentrated aqueous solution of albumen is 
mixed with a strong solution of caustic potassa or soda, a gelatinous com- 
pound is the result, which is soluble in water ; and if this aqueous solution 
is evaporated at a gentle heat, pellicles like those which form on boiled milk, 
gradually collect upon the surface. If the strong alkaline solution is boiled, 
ammonia is evolved, and an alkaline sulphide is produced which blackens the 
salts of lead. A piece of coagulated white of Qgg boiled with a diluted 
alkaline solution of oxide of lead, speedily blackens from evolved sulphur, 
and in this way sulphur may be detected in quill, wool, hair, in the almond, 
and many other vegetable substances. Lime, baryta, and strontia form 
combinations with albumen, which harden on drying. The compound 
obtained by mixing slaked lime with white of ^gg, is used as a lute ; 
it resists to a great extent the action of acid fumes. 

Serum and the white of ^gg are coagulated by the greater number of 
metallic salts. Those of iron, copper, lead, mercury, silver, and antimony 
yield precipitates which are compounds of albumen and the metallic oxides, 
hence albumen is a valuable antidote in cases of poisoning by metallic salts. 
The precipitate is usually soluble in an excess of serum or white of ^gg, and 
sometimes in the salt which produces it. Thus sulphate of copper readily 
dissolves the precipitate, which it first produces in albumen. When excess 
of potassa is added to a mixture of albumen and hydrated oxide of copper, 
a transparent solution of a splendid violet color is obtained ; it may be 
produced by adding the alkaline solution (either potassa or soda) to a mix- 
ture of serum and solution of sulphate or acetate of copper. The oxide of 
copper is not reduced to the state of suboxide on boiling this liquid. The 
subacetate of lead is a perfect precipitant of all the forms of albumen ; 1 
part of fresh albumen of Qgg in 2000 of water, is rendered turbid by this 
reagent. Subnitrate of mercury is also an effectual precipitant of this 
principle. Corrosive sublimate is a delicate test of the presence of albumen ; 
a liquid containing only a two-thousandth part of solid albumen is precipi- 
tated by it. The white precipitate formed, is an insoluble compound of the 
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salt with the organic substance. Albumen, it is well known, is the antidote 
which is employed in this form of poisoning. 

Kreasote causes a copious precipitate in solutions of albumen. They are 
not affected by solutions of rennet, which copiously coagulate milk. Ether 
rather gelatinizes than coagulates the white of Qgg, when the two are shaken 
together; after a time, a yellow liquid separates, which is not coagulated by 
heat, and a spongy albumen remains. When serum is similarly treated, no 
such precipitation ensues ; the mixture separates into two portions, and the 
ether which floats upon the surface, holds the oil of the blood in solution. 

The best tests for liquid albumen, are the application of heat, the action 
of nitric acid, and the use of ferrocyanide of potassium and acetic acid 
(p. 634). 

Coagulated Albumen.-^ Albumen ^ coagulated by heat, presents itself as a 
white solid; it dries by exposure, to a horny-looking substance. It is in 
this state identical in chemical properties with horn, hair, nail, quill, wool, 
and tortoiseshell. It is quite insoluble in water, alcohol, and weak acids: it 
is dissolved by strong acids and concentrated solutions of alkalies. Acetic 
acid added to the alkaline solution, throws down the substance called Protein, 
The alkali is supposed to abstract sulphur and phosphorus; while a previous 
digestion in water, alcohol, ether, and diluted hydrochloric acid, serves to 
remove all soluble matters contained in the albumen. However carefully 
prepared, we have still found sulphur in the precipitate ; and the so-called 
protein, appears to be nothing more than the original albuminous principle 
somewhat altered in its properties, by the variety of chemical processes to 
which it has been subjected. 

When protein or its compounds are boiled in a moderately strong solution 
of potassa, until ammonia is no longer disengaged, and the liquid after it 
has cooled, is saturated by sulphuric acid, sulphate of potassa is formed, 
the greater part of which may be separated by crystallization. If the re- 
maining solution is poured off and evaporated to dryness, and the residue is 
boiled in repeated portions of alcohol, this dissolves the organic products, 
and leaves sulphate of potassa: as the alcoholic solution cools; it deposits a 
brown oleaginous matter {erythroprotide) , and afterwards, by spontaneous 
evaporation, it deposits leucine (CigH^gO^N), and retains protide, mixed 
with formate of potassa in solution. {See page 644.) We have here illus- 
trated the production of protein and its derivatives, by the conversion of 
albumen; but these compounds may be equally obtained by treating in a 
similar manner, fibrin, casein, or horny tissue. 

Albumen presents itself in a variety of modifications in the animal body. 
Under the name of globulin, it partly constitutes the transparent humors of 
the eye, including the crystalline lens. The same principle associated with 
coloring-matter, or hsematosine, forms the mass of the globules of the blood. 
It is soluble in acetic acid and alkalies; and is precipitated when either 
solution is brought to a state of neutrality. Ptyalin is a modification of 
albumen existing in saliva. A remarkable property which characterizes this 
principle, is its power of rapidly transforming starch and dextrine into 
glucose or grape-sugar. If starch paste is heated for a short time to 100^ 
with saliva, it is converted into sugar. Pyin is an albuminous principle 
found in pus ; Mucin, in mucus ; and Echidnine, in the viper-poison. In 
general, the differences are slight, but in pyin and echidnine formidable 
poisons are produced. 

Oysters, snails, and the bodies of molluscous animals generally, are com- 
pounds of modified albumen and chondrin. An analysis of oysters shows 
that they consist, in 100 parts, of water, SO'll; dry organic matter (albumen 
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and chondrin), 18*69; aud of saline matter, 1'2. In the saline residue, 
besides chloride of sodium, traces of the iodide of sodium were found. 

Vegetable Albumen. Emulsin. — Albumen in the vegetable kingdom is 
generally associated with one or more of the following principles, — gum, 
sugar, starch, or oil. It may be procured by macerating the succulent shoots 
of young plants (turnips), or bruised seeds, like those of the almond, in cold 
water, allowing the liquid to clear itself by subsidence, and then filtering it. 
The cake of the almond, after the oil has been pressed out of it, yields it 
abundantly. The liquid coagulates by heat, and is precipitated by nitric 
acid, tannic acid, and a solution of corrosive sublimate, precisely like animal 
albumen. It has all the properties of a weak solution of ovalbumen. It 
contains sulphur and nitrogen. When the pulp of almond is boiled with 
strong hydrochloric acid, it is reddened like ordinary albumen : when boiled 
in a solution of potassa holding oxide of lead, it is blackened, thereby show- 
ing the presence of sulphur. The albumen of the almond, and of some other 
seeds, has been called EmMlsin, from its property of forming a white or 
milky emulsion in water with the oil of the seed. Emulsin is stated to differ 
from albumen in several points. Thus, its solution, like that of casein, is 
precipitated by acetic acid: it is coagulated by rennet, and is thrown down 
by the terhydrate of phosphoric acid, which has no action on albumen. The 
term Synaptase has been applied to emulsin by Robiquet (from crwaTtfw, 
adsum) in consequence of its necessary presence in the conversion of amyg- 
daline into hydrocyanic acid and hydride of benzoyle. 

Casein. 

This term is applied to the coagulable principle of milk, as it is this which 
forms cheese (caseus). A similar substance is occasionally found in the 
blood, and in the pancreatic liquids of the ox and sheep : it occurs also in 
vegetables. It is in a state of solution in milk, and may be procured nearly 
pure by coagulating well-skimmed milk heated up to 150^ or 160°, by a 
few drops of acetic acid. The curd thus obtained is thoroughly washed, 
pressed, and digested in boiling alcohol, or in ether, to deprive it of oil, and 
then carefully dried. As it is thus procured, casein presents itself in white 
opaque masses (curds), resembling coagulated albumen, but much less firm. 
It is without odor or taste, is insoluble in water, alcohol, and ether, and 
when dried at a low temperature, presents itself in yellow horny-looking 
masses. It dissolves in weak solutions of the alkalies and their carbonates, 
and is thrown down from these solutions by acids : the precipitate is a com- 
pound of the acid and casein, and is soluble in an excess of the acid. Casein 
is also soluble in some saline solutions, as of common salt, sal-ammoniac, 
and nitre. Its compounds with the earths and metallic bases are insoluble 
in water : hence, milk may be beneficially used as an antidote in poisoning 
by many metallic salts. The casein of milk is precipitated by sulphate of 
copper. The caseate of oxide of copper is redissolved by potassa, forming a 
violet-blue solution : the oxide is not reduced to suboxide on boiling the 
liquid, unless sugar is present. 

Casein is contained abundantly in peas, beans, and the seeds of legumin- 
ous plants ; it is there associated with starch, and in the oily seeds, with 
albumen and emulsin. It may be obtained by digesting coarsely-powdered 
peas in cold or tepid water for two hours, allowing the starch and fibrous 
matter to subside, and then filtering the liquid. It forms a clear viscid 
solution, wiiich is not coa^^ulated by heat, unless albumen is also present ; 
but like emulsin, and unlike albumen, it is precipitated by acetic acid. 
Casein is distinguished from albumen by its not coagulating when heated in 
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a dilute solution, and by being precipitated from its solution by acetic acid. 
Like albumen, it is precipitated by tannic acid. The fact that it is coagu- 
lated by rennet (the lining membrane of the fourth stomach of the calf), as 
in the process of curd and cheese-making, it is also one of its distinctive 
characteristics. It contains sulphur, to the amount of 0*36 per cent. (Mul- 
der), but no phosphorus — not at least in the peculiar state of combination 
in which that substance is found in albumen and fibrin ; but it appears to 
be intimately combined with a certain proportion of phosphate of lime. 
The sulphur may be easily detected in it, by boiling the casein in a solution 
of oxide of lead in potassa. Like albumen and fibrin, casein is dissolved by 
strong hydrochloric acid at a boiling temperature, forming a reddish-purple- 
colored solution. 

Casein is stated not to be coagulable by heat: but it is found in practice, 
that heat greatly facilitates the separation of the curd from milk when 
rennet or acids are employed. {See Milk, p. 65 L) Thus, in procuring 
curd by rennet for the manufacture of cheese^ the milk is heated to a tem- 
perature of 1 ii ^ to 86°, and at the same time agitated. The casein separates 
in a mass, with more or less oil, according to the richness of the milk. The 
curds are pressed into masses, salted, and allowed to undergo a species of 
fermentation, by which their peculiar flavors are brought out. A rich 
cheese abounds in oil, a poor cheese in casein. The casein is generally 
colored of a pale-yellow to an orange-red color by annotto (see p. 625). 

The method of obtaining cream in Devonshire and Cornwall, furnishes 
another proof of the influence of heat in aiding the separation of casein. 
After the cream has risen to the surface, in a pan of milk, instead of re- 
moving this by skimming or otherwise disturbing it, the pan is carefully 
heated over a charcoal fire, until bubbles of vapor begin to appear in the 
liquid, below the surface. A semi-solid mass is thus produced, consisting of 
the cream, with a very large proportion of casein. The milk which remains, 
is of course proportionably impoverished. {See Milk, p. 651.) 

Legumin is the name specially applied to the azotized caseous principle 
of peas, beans, and many similar seeds ; it is considered as identical with 
casein by Liebig and Wohler (Liebig, Ghim. Organ., iii. 220), and with 
emulsin by Dumas and Cahours {An7i. Ch. et Ph. 1842). A solution of it 
may be obtained from ground peas by the process above described (p. 63 Y). 
Acetic acid diluted with 8 or 10 parts of water, is carefully dropped into 
the filtered solution and the legumin is precipitated : an excess of the acid 
should be avoided, as this would dissolve the precipitate. It falls in the 
form of Vvdiite flakes, and after having been washed on a filter, it should be 
dried, pulverized, and freed from adhering fat, by digestion in ether„ 
Legumin may be obtained from lentils with the same facility as from peas ; 
but it is less easily procured from beans (haricots), in consequence of their 
containing a gummy matter, which interferes with its precipitation, and 
wnth the filtration of the liquids. The chemical properties of legumin are 
identical with those of casein. 

Liebig supposes that grape-juice, and other vegetable juices which are 
deficient in albumen, derive their fermentative power from soluble legumin. 
This principle is soluble in tartaric acid, and to its presence he ascribes the 
tendency of sugar to form alcohol and carbonic acid, instead of mucilage and 
lactic acid. 

Gluten. 

Vegetable fihrin. — The term gluten is applied to the opaque, white, tena- 
cious, and somewhat elastic substance which is obtained by subjecting 
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wheaten flour to the continuous action of a current of water. The best 
mode of proceeding is to tie up the flour in a coarse cloth, and knead it 
under a stream of water until the starch and sohible matters are entirely 
washed out, and the water runs off clear. The residuary gluten should give 
no blue color with iodine water. According to some chemists, it consists of 
three distinct substances, of which Vegetable fibrin forms the largest pro- 
portion. Gluten, as it is thus extracted, is a white tenacious substance, 
capable of being drawn into long fibres. When dry, it becomes hard, horny 
and brittle, so that it is easily pulverizable. Macaroni is nearly pure gluten 
in a dry state, but generally associated with a little starch. Gluten when 
pure, undergoes no change of color on the addition of iodine. It is quite 
insoluble in water, but is dissolved by acetic acid, and a strong solution of 
potassa. It is again precipitated, when the acid and alkaline liquids are 
exactly neutralized. It contains sulphur, and is blackened when boiled in 
a potassa-solution of oxide of lead. It acquires a dark-red color when 
boiled in strong hydrochloric acid. Bread and macaronr, which chiefly 
owe their nutritious qualities to gluten, undergo similar changes. In a 
partially decomposed state, it forms yeast, and induces alcoholic fermentation 
in saccharine liquids. In all these characters it bears a close resemblance to 
fibrin. 

The tenacious properties of dough, or the paste of flour, are mainly owing 
to ghten. It is more abundant in wheat and in rye than in other cereals ; and 
in these grains, the gluten has a greater tenacity than in others : hence, they 
are better fitted for making bread. Calculated in the dry state, gluten forms 
from 1 to 14 per cent, of wheat flour, that of Odessa containing the largest 
proportion (Dumas). Gluten, as it is thus extracted from wheat flour, does 
not appear to be a pure vegetable principle. It contains cellulose and fatty 
matter : the latter may be removed from it by boiling alcohol or ether. It 
has been also supposed to contain another principle, analogous to albumen, 
called Glutin: but all chemical analogy is destroyed in the process by which 
it is extracted: If gluten is digested first in concentrated and afterwards in 
weak alcohol, in which albumen is quite insoluble, a yellow-colored liquid is 
obtained, which deposits a substance said to resemble casein, called vege- 
table casein. When the alcoholic liquid is poured off and evaporated, a 
yellowish viscid extract is obtained, to which the name of glutin has been 
given. It may be precipitated as a white substance by the addition of water 
to the alcoholic liquid. It still Contains the oily matters which existed in 
the original gluten. In this process the greater part of the gluten remains 
unaffected by the alcohol, and this insoluble residue is called Vegetable fibrin. 
It is this substance which has the chemical properties of animal fibrin, that 
gives to the dough or paste of wheat flour, the peculiar tenacity which allows 
it to be converted into wholesome bread. Dumas and Cahours have proved 
by their analysis, that the undissolved gluten has the same chemical compo- 
sition as dissolved glutin, the latter is, therefore, probably only a small por- 
tion of altered gluten removed by alcohol. Gluten is exclusively a vegetable 
product. Its general chemical characters have been but imperfectly ascer- 
tained. 

Fibrin. 

Under this name a principle has been described common to animals and 
veg'eta-bles. Animal fibrin is obtained by agitating blood, as it flows from 
the vessels, with a rod, to the twigs of which it adheres in the form of fibrous 
filaments, which may be cleansed of coloring and other soluble matters by 
repeated washings in fresh portions of water. The essential character of 
this principle, as it is contained in blood, is its power of spontaneous coagu- 
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latioTQ. From a fluid state in this liquid, when removed from the living 
vessels, it speedily passes into a solid and insoluble condition, assuming a 
*fibrous or reticulated form. 

In its humid state,- fibrin retains about 15 per cent, of water ; it may be 
purified by digestion in ether, by which fatty matter is removed, and when 
dried at 240°, it is yellowish-gray, translucent, and horny. It is insoluble 
in water, but when long boiled, traces of ammonia are evolved, and a liquid 
is obtained which, when evaporated, leaves a substance having the smell of 
boiled meat : it does not gelatinize, but is precipitated by infusion of galls. 
The insoluble portion resembles coagulated albumen. 

When fresh fibrin is covered with water, it becomes in a few days viscid, 
and acquires the odor of old cheese : it produces ammoniacal salts, and then 
the mixture gradually liquefies : in this state it is coagulated by heat, by the 
addition of alcohol, or of solution of corrosive sublimate, resembling in these 
respects, serum. Immersed in sulphuric acid, diluted with five or six parts 
of water, it shrinks, and a compound of the acid with fibrin is formed. 

When fibrin is digested in nitric acid, nitrogen is evolved, and a yellow 
substance is produced, which has been termed Xanthoproteic acid (Mulder). 
Hydrochloric acid at first gelatinizes fibrin, and afterwards forms with it a 
blue liquid, which, on dilution with water, lets fall a white hydrochlorate of 
fibrin. When fibrin is immersed for about 12 hours in water, slightly acidu- 
lated by hydrochloric acid, it becomes gelatinous, and when this jelly is tri- 
turated with water, it yields a solution which coagulates by heat, is precipi- 
tated by ferrocyanide of potassium, and affords a precipitate on the addition 
of hydrochloric acid, not soluble except in an excess of this acid. These 
facts have some bearing upon the theory of digestion. According to Dumas 
and Cahours, water containing a millionth part of hydrochloric or hydrobro- 
mic acid, gelatinizes fibrin, and if a few drops of gastric juice {pepsin) be 
then added, it is entirely dissolved in a couple of hours at a temperature of 
96° to 100° {see p. 655). Rennet produced the same effect. 

Phosphoric acid with 1 atom of water acts upon fibrin in the same way as 
sulphuric acid. The acid with 3 atoms of water, converts fibrin into a 
gelatinous mass, which is soluble in water, and the solution is not affected by 
an excess of the acid. Fibrin is rapidly penetrated by concentrated acetic 
acid, and converted by it into a thick jelly soluble in hot water. When 
another acid (sulphuric) is added to this solution, a precipitate is formed 
composed of fibrin and the added acid. On the addition of an alkali 
(potassa) the fibrin is at first precipitated, but it is redissolved by an 
excess of the alkali. The fibrin of young animals is more easily acted on 
by acetic acid than that of old ones, so that there is in this respect a material 
difference between the fibrin of veal and of beef. (Dumas.) 

Fibrin is soluble in weak solutions of potassa and soda, first becoming 
gelatinous, and then forming a yellowish liquid which blackens silver and 
oxide of lead, and exhales the odor of sulphuretted hydrogen, on the addition 
of an acid. Caustic ammonia seems to act upon fibrin in the same way as 
the fixed alkalies, but its solvent action is less energetic. The fibrin of blood 
as it issues from the living body, i. e., before it has coagulated, is soluble in 
from 6 to 8 parts of fresh serum, and also in a saturated solution of sulphate 
of soda. All liquids which dissolve this principle, prevent the coagulation 
of the blood (p. 649). 

Ferrocyanic and ferricyanic acids combine with fibrin; the compounds are 
obtained in the form of white and yellow precipitates, by adding solutions of 
ferrocyanide and ferricyanide of potassium to the acetic solution of fibrin. 
The white precipitate is insoluble in the dilute acids, but the alkalies decom- 
pose it, and forming ferrocyanides, separate the fibrin in a gelatinous form. 
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The yellow precipitate (obtained by the ferricyanide) is more soluble than 
the preceding. 

An alkaline solution of fibrin yields precipitates with several of the 
metallic salts — e. g.^ sulphates of iron and copper, and corrosive sublimate. 
They are compounds of the respective oxides with the organic principle, 
which, owing to this combination, loses all tendency to undergo putrefac- 
tion. Tannic acid precipitates fibrin from its solutions, and the compound 
(tannate of fibrin) is imputrescible. 

Gelatin. 

This principle is abundantly diffused in the animal kingdom. It derives 
its name from the fact that a hot solution of it on cooling, sets into a jelly. 
A principle similar to it in gelatinizing properties, is found among vegetables, 
especially in certain kinds of algas and fuci. Yegetable gelatin (gelose), 
which has already been described (p. 525) is, however, eminently distinguished 
from that of the animal kingdom, by the absence of nitrogen, and by a 
diiference in its chemical properties. Animal gelatin is not included among 
the proteinaceous principles. When dissolved in potassa, no protein-com- 
pound is precipitated from the solution, on the addition of acetic acid. In 
constitution, also, it differs from the other principles considered in this 
chapter. When freed from all impurities, it contains no sulphur. Owing to 
these marked distinctions, it has been theoretically supposed to be deficient 
in nutritive power, and to have no claim to be regarded as a flesh-forming 
principle. There are no facts, however, to support this theory ; on the 
contrary, experience shows that gelatin may be a source of nutriment to 
animals, although in a less degree than the fibrin and albumen (p. 645). 

Gelatin is characterized by its insolubility in cold and solubility in hot 
water. It has been supposed that this principle had no independent existence 
in the animal body ; but it is found abundantly in all young animals, in a 
state quite distinct from albumen, casein, and fibrin, which cannot be con- 
verted into gelatin by boiling water. It constitutes exclusively the middle 
portion of the air-bladder of the sturgeon and other fish, requiring only water 
for its solution ; and it exists ready formed in skin, in a condition to produce 
tanno- gelatin, or leather, by simple immersion in a solution of tannic acid. 
Cold acetic acid will also dissolve gelatin from skin. There is, therefore, no 
ground for the statement that it is generated by the action of boiling water 
upon the membraneous tissues. In some instances, owing probably to its 
molecular condition, it requires a long application of heat for its perfect 
extraction by water ; but in all cases, it must be regarded as an educt and 
not as a product. 

The term gelatin was long indiscriminately applied to all the gelatinous 
substances, obtained by the action of boiling water on bone, cartilage, and 
ligament, until Miiller pointed out the peculiarities of the product derived 
from cartilage, and appropriated to it the name of Ghondrin. (Poggend. 
Ann,^ xxxviii. 305.) 

To obtain common gelatin, the substances afi'ording it, such as the clip- 
pings of hides, hoofs, horns, calves' feet, cows' heels, sheep's trotters, are 
cleansed in cold water, and then subjected to the action of boiling water. 
The solution so obtained, is freed from fat, and from any deposit, by skim- 
ming and straining, and allowed to gelatinize on cooling : the jelly so formed 
is more or less colored and impure. It is cut into slices and dried. 

Fish Gelatin. — Isinglass (probably a corruption of hasenhlase, bladder of 

the sturgeon). This is a variety of commercial gelatin which is largely 

consumed as an article of food, and is chiefly prepared in Russia from the 

air-bladders and sounds of certain species of Acipenser, or sturgeon. The 
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bladders are cleansed, dried, and scraped so as to separate from them, the 
external and internal membranes ; and without further preparation, the 
residue forms leaf isinglass. Isinglass was formerly picked into shreds, but 
is now usually cut into delicate filaments by machinery. It should be color- 
less, inodorous, and tasteless ; soluble in hot water after a short maceration 
in cold water : and when incinerated, it should leave only traces of phosphate 
of soda and of lime. There are many varieties of isinglass. The Beluga 
leaf, from Astrachan, is the best, while the Brazilian isinglass is of the worst 
quality. All kinds of commercial isinglass contain a certain amount of in- 
soluble albuminoid matter, which is precipitated on cooling the hot solution. 
We have found this to amount to 2 per cent, in the best quality, and to as 
much as 20 per cent, in the worst. When any of the varieties of isinglass 
are refined, they yield the pure principle gelatin, which is identical with that 
obtained from the fresh skins of calves and bullocks by the process mentioned 
below. 

Skin Gelatin.'^A. very pure form of gelatin sold under the name of Patent 
Refined Isinglass is manufactured from glue-pieces, or the cuttings of the 
skins of calves and bullocks. These are cleansed of fat and dirt by washing 
in lime-water: they are then sliced and digested in water, at a temperature 
of about 200^. The gelatinous liquid strained through flannel, is allowed 
to cool until it has acquired a proper consistency. It is then poured on a 
slab of wet slate, and when nearly set, the sheet of gelatine is transferred to 
an open network for the purpose of drying. It is subsequently damped, 
rolled into thin sheets, and cut by a machine into fibres of various degrees 
of thickness. This process applied to Brazilian and other impure kinds of 
commercial isinglass, yields equally pure gelatin. A cheaper form of gelatin, 
but improper as an article of food, has been manufactured, under a patent, 
by digesting glue-pieces in an alkaline liquid, and afterwards boiling down 
the whole of the tissues. 

Bone Gelatin. — This is obtained by heating ground or rasped bones with 
water, under pressure, to a temperature of 250^ to 270°; the liquor gelati- 
nizes on cooling, and the jelly may be purified as in the previous cases. 
But the gelatin thus procured, always retains an offensive odor when moist 
and a disagreeable flavor, in consequence of the high temperature employed. 
Another mode of obtaining bone jelly consists in digesting the bones, pre- 
viously boiled in water to remove the fat, in dilute hydrochloric acid, so as to 
abstract the phosphate of lime. The animal part of the bone is thus left, 
having the appearance of a tough flexible cartilage: this is thoroughly 
washed in water, steeped in lime-water, or in a weak solution of carbonate 
of soda, and again washed and dried. The dried bone gelatin may then be 
made into glue or size by boiling, gelatinizing, and drying, as with the other 
forms of gelatin. It has been sold as an article of food in thin sheets, and 
sometimes colored to conceal its impurity, under the name of French gelatiuo 
It is a variety of glue. 

From whatever source obtained, pure gelatin is colorless, transparent, in« 
odorous, and insipid : it may have no smell in the dry state, and therefore 
it should be tested by immersing a small quantity in boiling water. The 
agglutinated mass, if a bad sample, will have the offensive odor of glue. 
The fibre of pure gelatin is translucent, and when wetted, more or less 
elastic, tough, and resisting. It at the same time nearly retains its tran- 
sparency. The fibre of isinglass, in which gelatin is always associated with 
albuminoid matter, becomes quite opaque when wetted, is inelastic, and with- 
out cohesion. Gelatin is heavier than water. When heated it softens, then 
shrinks, and exhales a peculiar odor, burning with difficulty, and exhaling 
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the ammoniacal odor of burned horn or feathers. Subjected to destructive 
distillation, it yields an abundance of carbonate of ammonia, together with 
the other products of azotized organic matters, and leaves a bulky carbon 
difficult of incineration. 

In cold water gelatin gradually softens and swells, but scarcely dissolves 
until gently heated, and on again cooling the solution, it forms a more or less 
firm jelly. By its solubility in hot water it is distinguished and separated 
from fibrin and albumen. According to Bostock 1 part of isinglass dissolved 
in 100 of water, gelatinizes on cooling; but in 150 of water it remains 
liquid. We have found that 1 part to 80 of water, was required to produce 
a moderately firm jelly. This effect, as is well known, varies much with tem- 
perature, so that jellies are more easily prepared in winter than in summer. 
The stiffness of the jelly is also greatly dependent upon the source whence 
the gelatin was originally obtained; the skins and tissues of old animals 
yielding a stronger and firmer jelly than that derived from young animals. 
The gelatinous mass cannot be regarded as a definite hydrate. The water 
slowly evaporates or may be imbibed by porous substances, and the gelatin 
then remains in a dry state with its original properties. The gelatinous con- 
dition is common to organic and mineral matter. Silica and alumina may be 
obtained in a gelatinous state (p. 284), 

When a solution of gelatin is repeatedly warmed and cooled, especially if 
boiled, it gradually loses its tendency to gelatinize, and it becomes more and 
more soluble in cold water. In close vessels, jelly may be kept in cool 
weather for some days without change; but in open vessels, it soons becomes 
mouldy. It then putrefies and exhales a disagreeable ammoniacal odor. A 
little acetic acid considerably retards these changes without materially affect- 
ing gelatinization. The fresh-made aqueous solution is neutral, and should 
have no smell or taste. A solution of isinglass commonly has a slight fishy 
odor and taste. 

Gelatin is not soluble in absolute alcohol ; and when alcohol is added to 
a warm and strong aqueous solution, the gelatin separates in the form of a 
white viscid substance. It is insoluble in ether, and in fixed and volatile 
oils. 

Gelatin is soluble in all the dilute acids, excepting the tannic, differing 
essentially in this respect from albumen ; of these, the acetic solution only, 
gelatinizes on evaporation. Gallic acid gives no precipitate with it. When 
the dilute nitric solution of gelatin is evaporated, nitrous gas is evolved, and 
the residue deflagrates just before dryness; with strong nitric acid, oxalic 
acid is formed. The action of the strong sulphuric acid on gelatin is attended 
by the formation of leucine, and of a peculiar saccharine product, which is 
known under the names of glycocol or glycocine. It is gelatin-sugar (p. 644). 

The dilute caustic alkalies, and ammonia, do not prevent the gelatinization 
of gelatin, but they often throw down a portion of phosphate of lime. When 
gelatin is dissolved in a dilute solution of caustic potassa, and exactly neu- 
tralized by acetic acid, the evaporated liquid does not gelatinize on cooling. 
When boiled with caustic potassa, ammonia is evolved, and leucine and 
gelatin-sugar are formed. Acetic and nitric acids produce no precipitate 
in an aqueous solution of gelatin. The addition of common salt or other 
neutral salts, or of ferrocyanide of potassium, to the acetic solution, does 
not cause the precipitation of gelatin. When gelatin is dissolved in a weak 
solution of potassa, acetic acid does not affect the liquid. When a solution 
of chloride of lime is added to gelatin in acetic acid, a turbidness is produced. 

A solution of gelatin is not precipitated either by the neutral acetate, or 
by subacetate of lead. With protochloride of tin it gives a flocculent pre- 
cipitate, but none with the perchloride. With sulphate of copper there is 
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no precipitate. When a solution of gelatin is gradually added to one of 
corrosive sublimate, a cloud is formed which at first disappears, but after- 
wards a coherent elastic substance is thrown down. The nitrates of mercury 
produce the same effect. Gelatin is not precipitated by solution of silver or 
of gold, but sulphate of platinum throws it down in brown viscid flakes, 
which blacken and become brittle when dried on a filter. E. Davy recom- 
mends this as a delicate test for gelatin, detecting it in solutions too weak to 
be affected by tannic acid, and not liable to be interfered with by the presence 
of albumen. {Phil. Trans., 1820, p. 119.) Neither sulphate of alumina 
nor alum occasions any precipitate in a solution of gelatin ; but a mixture 
of chloride of sodium and alum, or a solution of chloride of aluminum, forai 
a white precipitate : this compound exists in tawed leather. 

Tannic acid is a most delicate test of the presence of gelatin ; when it is 
added to a solution of 1 part of gelatin in 5000 of water a cloud is evident, 
and on dropping tincture or fresh infusion of galls into a strong solution of 
gelatin, a dense white curdy precipitate of tanno-gelatin falls, which becomes 
gray when dried, is insoluble in water, and not putrescible. Mulder has 
described two definite combinations of tannic acid with gelatin: 1, one 
containing 1 atom of gelatin and 1 of tannic acid, which is thrown down 
when a great excess of the latter is used ; and 2, one containing 3 atoms of 
gelatin and 2 of tannic acid, formed when the latter is not added in excess. 
According to Davy, when gelatin is precipitated by infusion of oak-bark, 
1 00 parts of the precipitate contain 54 of gelatin and 46 of tannin. Schiebel 
found that when a solution of 100 parts of gelatin is precipitated by a great 
excess of an infusion of 1 part of oak-bark in 9 of water, it combines with 
118 parts of tannin ; but when a weak solution of extract of oak-bark is 
added to a solution of gelatin, so as not to precipitate the whole of the 
latter, the precipitate which slowly falls, contains 100 of gelatin and 60 of 
tannin. As albumen is also precipitated by tannic acid, when this acid is 
used as a test for gelatin, the absence of albumen should be previously 
ascertained. Tanno-gelatin is identical with leather. In the manufacture 
of leather, the precipitate is formed in the skin itself, by immersing it first 
in a weak and afterwards in a strong infusion of oak-bark. The albumen 
of the skin is also at the same time converted into tannate of albumen. 

A solution of fish-gelatin (isinglass) has the same properties as that of 
skin-gelatin ; the latter is not so rapidly dissolved by hot water, but it 
dissolves entirely, leaving no sediment, like isinglass. A solution of bone- 
gelatin differs from both of these in the fact that as phosphate of lime is 
soluble in gelatin, oxalate of ammonia produces a turbidness in its solution. 
As isinglass is frequently adulterated with bone-gelatin, oxalate of ammonia 
occasionally produces a turbidness in its aqueous solution. 

Leucine {(^rj^-i'fi^^) ^^ called from its white appearance. This com- 
pound, which bears some resemblance to cholesterine, may be procured by 
boiling gelatin in sulphuric acid, diluted with 4 parts of water. It is also 
obtained with tyrosine, when dry casein is fused with its weight of hydrate 
of potassa. Tyrosine (O^Jl^fi^) may be precipitated from the lixivium 
by the addition of acetic acid. Leucine melts at 850^, and undergoes de- 
composition. This substance is also known under the names of Caseous oxide 
and Aposepedine. It may be obtained from the fibrin of muscle, from gluten, 
and other nitrogenous principles. 

Glycocine (C^H^O^N), Glycocol. Gelatin- sugar. — This is another product 
of the reaction of dilute sulphuric acid on gelatin at a boiling temperature. 
It is also procured as a result of the action of hydrochloric acid, at a boiling 
temperature, on one of the organic acids of bile, or on liippuric acid. It 
assumes a crystalline form, is not very soluble in water, and is insoluble in 
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alcohol and ether. It has a sweet taste, but differs from sugar in not under- 
going vinous fermentation. When treated with nitric acid, no oxalic acid 
is formed ; but a new acid, called the Nitro- saccharic, is produced. The 
interest attached to this product, lies in the variety of sources from which it 
may be obtained, and in the numerous compounds which are derived from it. 

The three nitrogenous principles, albumen^ fibrin, and casein, are the con- 
stituents of animal food; and the fact that principles of a precisely similar 
nature are found in the vegetable kingdom, shows that, chemically speaking, 
there is not that broad distinction between animal and vegetable food which 
some have imagined. The constituents of flesh, i. e. fibrin and albumen, 
exist in vegetables, and from these vegetable principles, the flesh of herbivora 
must be formed. These two principles find their way directly into the blood 
through the medium of the chyle, the liquid product of digested food. 
Gelatin is not found in the blood, but it is no doubt formed from it in the 
living body. With reference to the human body, it can be properly nourished 
only by a variety of food, to suit the variety of textures of which it is con- 
stituted. A theory was formerly propounded to the effect, that the body 
could be supported by any one of these nitrogenous principles, excepting 
gelatin ; but a Commission of the French Academy reported, upon due 
inquiry, that this observation was equally applicable ''to albumen, fibrin, or 
casein, if employed alone; and that neither animals nor man should be re- 
stricted to any course of diet which does not contain all the proximate 
principles of the frame. '^ (Todd and Bowman). These four principles, 
under the influence of life, appear to be convertible into each other. This 
is proved to some extent by the process of incubation. The recently laid 
egg contains only soluble albumen and oil. When incubation is complete, 
fibrin and gelatin are found in the muscles and soft parts of the young bird, 
and a large proportion of the soluble albumen has passed into the insoluble 
state (p. 634). Casein, as it is contained in milk, is necessarily converted 
in the living body into the other principles {see p. 634). 

Yarious formulae have been assigned to gelatin. That which is now 
generally admitted, represents its constitution as C^gH^oO^N^. It contains a 
large proportion of nitrogen, but no sulphur. When pure gelatin is dis- 
solved by boiling it in a solution of potassa, containing oxide of lead, no 
discoloration is produced. The contrary statement appears to have arisen 
from the application of this test to commercial isinglass, which always con- 
tains a certain proportion of albuminoid tissues. When these have been 
separated by refining the isinglass, the resulting gelatin produces no effect in 
a potassa-solution of oxide of lead. 

Size is usually sold in the form of a stiff tremulous jelly: it is obtained 
chiefly from the waste of vellum, parchment, and from the skins of horses, 
cats, dogs, and rabbits, and sometimes from fish. It is largely employed in 
the manufacture of paper, and by whitewashers, painters in distemper, paper- 
stainers, and gilders. Size has usually a putrid odor and taste, and a brown 
color. 

Glue is an important article of manufacture, and differs in price and quality 
according to its source. It is extracted from bones, muscles, tendons, liga- 
ments, membranes, and skins, the latter yielding the best glue, especially 
when from old animals. The parings of hides and pelts from tanners and 
furriers, the hoofs and ears of horses, oxen, calves, sheep, &e., are employed 
in the manufacture of glue. They are first digested in lime-water, washed, 
laid in a heap to drain, and boiled in soft water; the impurities are carefully 
skimmed off, and the liquid is then strained, clarified with a little alum, and 
allowed to settle. The solution is poured off from the sediment, and boiled 
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down to a proper consistence, so as to concrete on cooling: the glue is then 
cut by a wire into slices, which are dried upon netting. Good glue is hard, 
brittle, of a uniform brown translucency, and when immersed for some time 
in cold water, it becomes soft and gelatinous, but requires to be heated, in 
order to dissolve and fit it for use. It should be heated over a gentle fire, 
or in a water-bath, and it may then be applied to the moistened wood by a 
stiff brush : it will not harden in a freezing temperature ; the adhesion depends 
npon the absorption and evaporation of the superfluous water. 

GJiondrin,' — This variety of the gelatinous principle constitutes cartilage, 
as it exists in the windpipe, nose, and ear, as well as in the cornea of the 
eye, in the ribs, and at the ends of the long bones. It is found abundantly 
in the flesh and cartilaginous skeletons of fish, and from fish-bones ; it may 
be readily extracted by boiling water. If sufficiently concentrated, the solu- 
tion sets into an opaque jelly on cooling. It is not so soluble in hot water 
as gelatin. An aqueous solution of chondrin is precipitated by acetic acid, 
but the precipitate is dissolved by an excess of the acid. It is precipitated 
by nitric and tannic acids, as well as by sulphate of copper and acetate of 
lead. It is not affected by caustic alkalies. Its formula is CggHggO^^N^. 

The nitrogenous principles which we have here considered, build up the 
animal body. The soft solids of animals are chiefly formed of fibrin, albu- 
men, and gelatin. 

Fibrin enters largely into the composition of muscle or flesh; thus, 
assuming that the proportion of water varies from tl to t4 per cent., the 
fibrin in muscle, averages from 19 to 22 per cent., and the gelatin from 5 to 
7 per cent. In addition to these constituents, muscle consists of cellular 
tissue, (albumen) nerves, vessels, and fat. Dry muscle yields, by ultimate 
analysis, the same elements as blood. In the juice of flesh, which is always 
acid, crystalline nitrogenous principles exist, which may be separated by 
complex processes. Among these may be enumerated Kreatine (CgHyO^Ng 
-f2H0) and JCreatinine (CgH^O^N^) : this is also a product of the decom- 
, position of kreatine. Inosinic or Inosic acid (C^oHpO-joNg+HO) and Sar- 
cosine (CgHyO^N) are other principles, the former being an educt of the 
juice of flesh, and the latter a product of the decomposition of kreatine. 
Inosin (C^gH^^O^g-f-^HO), a variety of sugar, has been found in the juice of 
the involuntary muscles. Osmazome (odfjiYi, odor, and ?co^6$, hroth) is not a 
definite compound, but an alcoholic extract of the residue left by a watery 
extract of flesh. 

Albumen enters into the composition of muscle, of the brain, spinal cord, 
and nerves. It is a constituent of cellular tissue, and of the soft organs, such 
as the liver, spleen, lungs, and kidneys. The substance of the brain consists 
of 80 per cent, of water, with 1 per cent, of albumen in a soluble form. It 
contains two acids, a solid white fatty acid (the cerebric), and an oily liquid, 
the oleophosphoric, acid. The cerebric acid contains phosphorus. The waxy 
secretion of the ear (Cerumen) is a compound of albumen with an oily matter, 
and a yellow bitter extract, which is soluble in alcohol. 

Gelatin enters into the composition of the skin, tendons, ligaments, and 
the white fibrous tissue generally, as well as of bone, cartilage, ivory, and 
the teeth of animals. 100 parts of dry human bo7ies contain about 33 '3 of 
organic matter (gelatinous tissue), and 66 '6 of earthy matter, consisting 
chiefly of subphosphate of lime with carbonate of lime and phosphate of mag- 
nesia. Fluoride of calcium is found only in fossil bones. The proportions 
of organic and inorganic matter, vary slightly in the bones of different ani- 
mals, and in the different bones of the same animal. The proportions of 
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mineral and organic matter also vary at different periods of life. Thus, 
according to the analysis of Schreger, in the child, the earthy matter forms 
nearly one-half of the weight of the bone (48-48 per cent.) : in the adult 
three-fifths (14*84 per cent.), and in old age seven-eighths (84*10 percent). 
The bones, at this period of life, contain much oily matter. The mode in 
which the organic and inorganic constituents are blended in the skeleton, is 
worthy of remark. When a fresh bone, e. g., the scapula, is digested in 
dilute hydrochloric acid, all the mineral matter is removed (p. 642) : but the 
bone perfectly retains its shape. The residue consists of flexible and elastic 
gelatinous tissue. If a similar bone is carefully heated to a high tempera- 
ture, under a free access of air, a white brittle mineral substance is obtained, 
which retains the perfect shape of the bone. This consists of phosphate and 
carbonate of lime. These results show that every atom of mineral is associ- 
ated with an atom of organic matter. Bones contain, not merely in their 
hollow interior {cancelli), but in their substance, a large quantity of oily 
matter which is profitably extracted by simply boiling crushed bones in 
large caldrons of water. It rises to the surface like an oil, and is removed 
in a solid cake when the liquid has cooled. Bone fat, or grease, is now 
manufactured weekly by tons in this metropolis. Its composition does not 
differ from that of other animal fats, and it contains the same principles, but 
rather a large proportion of oleine (p. 516). Bone fat is soft, inodorous, 
and easily fusible. It is largely used in the manufacture of pomatum, 
*' bear's grease," and other cosmetics, and is employed for some of the finer 
kinds of toilet soaps, in preference to other animal fats. When bones are 
heated in close vessels, they leave a porous charcoal, which is usefully em- 
ployed in chemistry and the arts, under the name of animal charcoal (p. 243). 

Ivory has a composition similar to that of bone. The dentine or bony 
part of the teeth, contains from 68 to 10 per cent, of mineral matter; while 
the enamel contains 84 per cent, with 6 per cent, of gelatin. Pearls and 
mother-of-pearl contain 66 per cent, of carbonate of lime and 34 of organic 
matter. Shell, coral, and madrepore are chiefly composed of carbonate of 
lime cemented with animal matter. The shell of the Qgg contains 98 per 
cent, of carbonate of lime, and 2 per cent, of organic matter. The effect of 
incubation is to render it thin and brittle. 

In the shell of the lobster and crab, the mineral matter appears to be ce- 
mented by another organic principle, Gliitm'{Q^^H^fi^^). It is insoluble 
in water, but soluble in strong acids. It enters into the composition of the 
elytra of certain insects, e. g., the cockchafer, cockroach, and beetles. 



CHAPTER LVI. 

THE FLUID CONSTITUENTS OF ANIMAL BODIES, AND THE 
SUBSTANCES DERIVED FROM THEM. 

Although water is commonly regarded as a compound belonging to the 
inorganic kingdom, it is a most abundant, and certainly a most important, 
constituent of animal bodies. At least two-thirds of the weight of the human 
body, are represented by water. If we except the bones, this liquid forms 
three-fifths of the solid organs and textures, and about four-fifths of the fluid 
constituents. The flexibility, softness, elasticity, and tenacity of the tissues 
are due to the presence of water. Fibrin and albumen, when deprived of it, 
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lose their most important physical properties as parts of a living structure ; 
and it is a matter of demonstration, that without it, vital action cannot con- 
tinue. At p. 504 we have given the results of recent analyses, whereby it is 
proved that some vegetables contain 96 per cent, of this liquid ; and at p. 
130 we have referred to the constitution of the Acahiphce, animals which con- 
tain .99 per cent., and which might almost be described as living water. 
From calculations based upon the analysis of bone, and of the solid and fluid 
constituents of the human body, we find that the body of a male adult, weigh- 
ing 150 pounds, consists of water 100 pounds ; dry organic solids 34 pounds ; 
earthy or mineral matter, chiefly the phosphate and carbonate of lime and 
chloride of sodium, mixed with small quantities of other earthy and alkaline 
salts, and oxide of iron, 9 pounds ; and of oil, or fat, 7 pounds. The amount 
of mineral matter has been deduced from the actual weighing of dry adult 
skeletons ; and the fat from the calculations of Burdach, who estimates it at 
about 5 per cent, of the weight of the body. The ordinary analyses of the 
solid and fluid constituents, furnish the remaining elements of this calcula- 
tion. It is probable that the proportion of w^ater is even greater than that 
which is here assigned ; as it is, it amounts in an adult to 100 pounds or ten 
gallons 1 If w^e carry this inquiry into the proportions of the elements, as 
they are known to constitute the dry organic solids, and the oil or fat, we 
arrive at the following results : Of the 41 pounds of the dry solids and of oil 
or fat, carbon forms 23 pounds ; oxygen 8 pounds ; nitrogen 6 pounds ; hy- 
drogen 3| pounds ; and sulphur and phosphorus together (the former pre- 
ponderating), half a pound. This is exclusive of the oxygen, hydrogen, 
carbon, and phosphorus, which exist in the water and mineral matter. 

The fluids of the animal body maybe divided, according to their principal 
chemical characters, into, 1. Those which are at the same time fibrinous and 
albuminous; 2. Those which are albuminous; and 3. Those which are non- 
albuminous. Gelatin is not found in any of the fluids : it exists in the body 
only as a component of the solid tissues. All the fluids in a healthy state 
contain albumen, excepting the bile and urine. In certain diseased states 
of the body, albumen is found in the last mentioned liquid. Casein exists 
chiefly in the milk, a secretion peculiar to the class mammalia. The 
fihrinous and albuminous liquids are the blood, chyle, and lymph. 

1. The Blood. — In mamuiiferous animals, the blood is of a red color; 
florid and approaching to scarlet in the arteries, and of a deep purple in the 
veins. Its sp. gr. varies between 1-049 and 1'05T, and its temperature in 
the healthy human body is between 98° and 100°. It has an unctuous or 
somewhat soapy feel, a slightly nauseous odor and saline taste, and an alkaline 
reaction. It appears homogeneous, or uniform, whilst circulating in its vessels, 
or immediately upon its removal from them ; but when examined by a micro- 
scope, it is seen to consist of numerous red particles or cells, varying from 
one-three thousandth to one-six thousandth of an inch in diameter, floating 
in a colorless transparent fluid; the former having been termed the red 
corpuscles, the latter the liquor sanguinis. 

The corpuscles of blood are mechanically diffused in the serum, in which 
the fibrin is dissolved. Under ordinary circumstances, the blood, after it 
has been drawn from its vessels, gelatinizes, or coagulates; and the jelly, 
or coagulum, gradually separates into two parts, a liquid serum, and a soft 
clot or crassamentum. In the act of coagulation, the corpuscles apparently 
coalesce and give to the clot a uniformly red color. This arises from the 
tendency of fibrin, when removed from a living bloodvessel, to assume the 
solid and insoluble state. The, particles of fibrin cohere in a sort of fibrous 
network, retaining the red corpuscles in the interstices. The proportion 
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which the clot bears to the serum is variable, and is partly depeodent upoa 
the shape of the vessel in which the blood is contained. According to 
Lecanu, in 1000 parts of healthy blood, there are 869 parts of serooi and 
131 of clot, which he describes under the general name of " globules." The 
mode of procuring fibrin and its chemical properties have been already 
described (p. 640). The corpuscles consist of an envelope or membrane 
holding a liquid of an albuminoid nature {globulin, p. 636), deeply tinged by 
a very small proportion of an organic coloring-matter {hcBmatosine, C^^Hg^ 
jSTgOgFe). The proportion of fibrin in recent healthy blood, is from 2 to 3 
parts in 1000 by weight, and the proportion of coloring principle (hcematosine) 
is rather less than this. The clot (or globules of Lecanu) may therefore be 
considered to be thus constituted in 1000 parts of blood : — 

Fibrin . 2-948 

^Hsematosine (coloring matter) .... 2-270 

Globulin (albumen) • 125-627 

130-845 
Arterial blood has not been found to contain more fibrin than venous 
blood, but capillary blood contains less than either. With the exception of 
color, there is no marked physical or chemical difference between arterial 
and venous blood. 

Hcematosine. Coloring -matter. — This consists of small corpuscles, bladders, 
or flattened cells, containing a red coloring principle combined with globulin. 
It is to their great number and aggregation, that the blood owes its red 
color. In the mammalia, they are not spherical, hence the term globule is 
inappropriate. They are disks of the shape of a circular double concave 
lens, being thicker at the circumference than in the centre. In the Camel 
tribe, they are of an oval form, but, in these, as in other mammalia, there is 
no nucleus. In birds, reptiles, and fishes, they are of an oval shape, and 
have a nucleus in the centre. Their size bears no proportion to the size of 
the animal. They have the same size and form in the human being at all 
stages of growth ; but the average size varies in different animals. They 
are larger in man than in most domestic animals, while they are smaller in 
the sheep and goat, than in the pig, hare, and rabbit. In man, they have 
an average diameter of 1-3200 of an inch : in the goat of 1-636 6th of an 
inch. 

Miiller found tbat these particles were so large in the blood of a frog 
(l-2t45th of an inch), that they might be separated by filtration. The 
liquor sanguinis passed through the filter, and the fibrin separated sponta- 
neously from the albumen, in a colorless state. 

In the blood, there are also colorless nucleated corpuscles of a spherical 
form which are rather larger than the red corpuscles. They are similar to 
the nucleated particles found in lymph and chyle. 

The red corpuscles in human blood have a sp. gr. of 1*0885, and as the 
sp. gr. of serum, in which they are diffused, is 1*030, they have a tendency 
to sink in this liquid. The corpuscles may thus be collected and examined 
in serum, which does not dissolve the coloring-matter, as it is contained in 
them. The coloring -matter is an organic principle containing nitrogen and 
iron in some unknown state of combination. It has an intense coloring 
power ; and on the breaking of the outer membrane of the corpuscles, the 
red color is diffused and communicated to water or other liquids. The pro- 
portion of iron has not been accurately determined, but it is supposed to 
form from 0*43 to 0*5 per cent, of the dried corpuscles, or 6 per cent, of the 
pure coloring-matter. The albuminous principle, globulin, is dissolved by 
water, hence an aqueous solution of the coloring-matter, always contains a 
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portion. It may be separated by a mixture of alcohol and sulphuric acid, 
by which globulin is coagulated, while the coloring-matter, as it is supposed, 
is unaffected. 

An aqueous solution of the coloring-matter, when recent, has an intensely 
red color, and a peculiar odor : it is quite neutral. When the solution is 
heated to about 150^, the heematosine is coagulated and destroyed, the 
liquid assuming a muddy brown color. It is now rendered quite insoluble 
in water. Nitric acid and chlorine destroy the red color, turning the liquid 
brown and greenish brown. Weak alkalies (ammonia) in small quantity, 
have no effect upon the color. In excess they darken it. Neutral salts 
produce no change in it. Alcohol and tannic acid render the solution turbid, 
but do not destroy the red color. 

The serum of blood is a pale straw-colored albuminous liquid, of a slightly 
alkaline reaction. Its sp. gr. is 1-030: it contains about 90 per. cent, of 
water. It sets into a coagulum when heated to about 160^. Its properties 
have been already described under the head of seralbumen (p. 633). 

The blood contains latty and saline matters, the latter consisting chiefly 
of alkaline chlorides and phosphates. Its composition concisely stated 
w^ould therefore stand thus, according to recent analysis (Regnault) : — - 

ANALYSIS OF VENOUS BLOOB IN 100 PAKTS. 

Clot or crassamentum . . . .13*0 
Serum 87*0 



100-0 



Fibrin 0-30 

Clot ^ m -u 1 ( Hsematosine .... 0*20 
Globules I Globulin .... 12-50 



Serum 



13-00 

f Water 79-00 

! Albumen 7-00 

I Oily or fatty matters .... 0*06 
I Chloride of sodium and otber salts . 0-94 

100-00 

The use of the blood is to maintain, by its incessant distribution to all 
parts of the body, the life of an animal. It has been described as '* liquid 
ffesh" (BoRDEu) : it contains the animal solids in a state of solution ; and 
analysis show^s that blood and flesh yield as nearly as possible, the same 
elements in the same proportions. The daily waste of the blood is supplied 
by the chyle. With the exception of chyle and lymph, all the fluids and 
solids of the body, are formed by the blood, and at the expense of its con- 
stituents. On the other hand, in the formation of the body of the young 
bird, during the process of incubation, blood, with its usual constituents, 
fibrin and hasmatosine, is actually produced from soluble albumen. That 
such widely different products as milk, bile, and urine, should be produced 
in the living body from the constituents of this fluid, with such remarkable 
uniformity and regularity, is one of those marvels of vital chemistry which 
science cannot explain. 

Tesis for ^/o6>c?.— Blood-stains on articles of clothing may be identified 
—■1. By their peculiar crimson-red color. 2. By the shining and raised 
surface of the stain or spot (dried albumen and fibrin). 3. By their ready 
solubility in water, to which they give a red color. The water under these 
circumstances contains albumen, as well as hsematosine. Weak ammonia 
does not change the red color to a blue, green, or crimson tint. When 
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boiled, the albumen and heematosine are both coagulated, and the red color 
is entirely destroyed ; a muddy brown coagulum subsides, which is quite 
insoluble in water and alcohol. For the examination of small stains in a dry 
state, an inch power of the microscope will be found convenient. 

By employing a small quantity of water on a glass slide in order to dissolve 
the stain, the clot may be broken up and the red corpuscles separated. These 
may be examined by a quarter-inch power under the microscope. When 
detected, the evidence of the presence of blood, is placed beyond doubt. 
No other red coloring matter, vegetable or animal, owes its color to cor- 
puscles or cells. A small quantity of glycerine added to the water which is 
used as a solvent, prevents it from drying too rapidly. 

[It would carry us far beyond the scope of this Work, if we entered into 
more minute details on the chemistry of the blood. No treatise on the 
science can supply the special information now required by students of 
medicine, on the physiological and pathological chemistry of this important 
fluid. We therefore advise the reader who desires further information, to 
consult one of those numerous monographs which have been published on the 
subject : and we recommend among others Dr. G. 0. Rees^ treatise on the 
''Analysis of the Blood and Urine." The remarks here made respecting 
the blood, apply with equal force to the pathological chemistry of the urine. 
Dr. Kees' book, or the late Dr. Golding Bird^s work on "Urinary Deposits," 
may be profitably consulted for full information on those points, which are 
necessarily only briefly noticed in this chaper on the animal fluids.] 

2. Chyle.— This is a milky-looking liquid which is found in the thoracic 
duct. It has an alkaline reaction. It appears to consist of oily matter, in 
a state of emulsion, with an albuminous liquid. Under the microscope, oil- 
globules and colorless nucleated globules (chyle-globules) are visible. A 
fibrinous clot, which amounts to from 1 to 6 per cent, of the liquid, separates 
by spontaneous coagulation, as in the blood, and no doubt owing to the 
same cause-— i. e., the natural tendency of this principle, when not in free 
motion in a living vessel, to assume a solid and insoluble state. An analysis 
made by Dr. Rees, shows that 100 parts of healthy chyle consist of t'08 albu- 
men, with traces of fibrin, extractive matters (undefined), 1'08 ; fatty matters, 
0-92; chloride of sodium and other salts, 0*44; water, 90*48. The chyle 
conveys the elements of nutrition immediately Into the blood by means of 
the thoracic duct. 

3. Lymph.— -The fibrin and albumen in this liquid, as it is circulated in 
the lymphatics, are generally stated not to exceed 1 per cent. In an analysis 
of lymph made some years since, we found the liquid, which was feebly 
alkaline, to consist of albumen and fibrin, 2; saline matters, 2; water, 96. 

The albuminous liquids are very numerous, and comprehend all the secre- 
tions of the body, excepting bile. They are either alkaline or neutral, 
generally the former, and their principal saline ingredients, are chloride of 
sodium, carbonate of soda, and the phosphates of soda and lime. The most 
important of these liquids is the milkj which is secreted from the blood by 
the mammary glands, and is necessary to the nourishment of the young of 
the class mammalia. 

4. The Milk.— This is an opaque white liquid consisting of water, casein 
with some albumen, sugar (lactine) with lactic acid, oil (butter), and salts. 
When examined by the microscope, it is found to contain oil-globules of 
various sizes, floating in a clear liquid (serum or whey). These globules are 
remarkable for their perfect sphericity in all respects, as well as for the 
brightness of their middle portions in contrast with the dark circumference, 
an optical effect depending probably on the refractive power of the oil, 
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which appears to be contained within a transparent membrane. The opacity 
of milk, is owing to the number and diffusion of these oil-globules, which 
vary in diameter from l-900th to l-2500th of an inch. They give to the 
liquid the character of an emulsion, like that produced when the pulp of the 
almond is mixed with water. 

When milk is allowed to stand, it separates spontaneously into two por- 
tions. The oil-globules, by reason of their low specific gravity, collect upon 
the surface, forming cream. The richness of milk is determined by the 
relative thickness of this stratum, and for this purpose the milk is placed in 
a graduated tube called a lactometer. 

The oil-globules are not dissolved by ether, on simple agitation with milk, 
until a little acetic acid has been added, and the liquid boiled. In this case 
the membranes are dissolved by the acid, and the oily portion, as it is set 
free, by the ether. Butter is the result of the aggregation of the oil-globules. 
The separation of the oil in this form, is commonly effected by the process 
of churning, which consists in the mechanical agitation of the cream at a 
moderate temperature. The milk of all animals is, in its normal state, 
neutral ; although it very soon exhibits acidity when exposed to air, in con- 
sequence of the formation of lactic acid. This, after a time, causes the 
separation of casein in the form of coagulum. The sp. gr. of milk varies ; 
that of the cow is generally about 1 '030. It fluctuates in different animals, 
according to Brisson, from 1'0203 to 1*0409 j but as it is affected by the 
presence of the butter on the one hand, which diminishes, and by the casein 
and salts on the other, which increase its density, it is difficult to estimate a 
mean. According to Berzelius, the sp. gr. of skimmed milk, is 1*033 ; that 
of cream 1-024. 

Some of the principal properties of milk are due to the presence of casein, 
the chemical peculiarities of which have already been described (p. 637). 
Fresh milk does not coagulate when boiled. A firm and coherent pellicle 
forms upon the surface when it is boiled in air, as the result of the oxidation 
of a part of the casein ; and on the removal of this, a fresh pellicle is formed ; 
but there is no coagulum. In this form, casein is insoluble in water. By 
direct analysis, we found that 100 parts of good cow's milk yielded of water 
86*4, organic matter 12*6, and saline matters 1. The proportions of oil, 
casein, and sugar are subject to great variation in different animals, as well 
as in the same animal, according to its state of health and the substances on 
which it feeds. The milk is sometimes a source of elimination of noxious 
substances which may have been taken in the food. According to Kegnault, 
the following represents the constitution of 100 parts of this liquid in various 
animals : — . 





Cow. 


Ass. 


Goat. 


Mare. 


BitcK. 


Human Fern. 


Water . . . . . 


87-4 


90-5 


82-0 


89-6 


66-3 


88-6 


Oil or butter .... 


4-0 • 


1-4 


4-5 


traces. 


14-0 


2-6 


Lactine and soluble salts 


5-0 


6-4 


4-5 


8-7. 


2-9 


4-9 


Casein, albumen, and fixed salts 


3-6 


1-7 


9-0 


1-7 


16-8 


3-9 



100-0 100-0 100-0 100-0 100-0 100-0 

The salts of the milk, are here chiefly included in the weight of the casein 
and albumen. They amount to only 0*37 per cent., of which 0*18 are phos- 
phate of lime, and 0'135 chloride of sodium. The phosphates of magnesia, 
soda, and iron, are found in traces, as well as carbonate of soda. It is 
stated by some authorities that casein contains no phosphorus ; but it is 
certain that phosphates are rather abundantly obtained in the ash. 

The colostrum, or milk as it is first secreted, is thicker than milk, and of a 
yellowish color. Under the microscope, it presents oil-globules, mucus, and 
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granules of an irregular shape. It contains 11 per cent, of solid matters, 
including casein. The analysis of cream, shows that it consists of about 
equal parts of butter and casein, with a variable quantity of serum or whey. 
The adulteration of milk chiefly consists in the addition of water. It may 
be discovered by the lowering of the specific gravity, and by the deficiency 
of oil-globules under the microscope. 

The casein of milk may be separated by warming the liquid and adding a 
few drops of acetic or any other acid : in this case the casein combines with 
the acid (p. 637.) The action of rennet is remarkable. This substance, 
which consists of the inner membrane of the fourth or digesting stomach of 
the calf, when added to 1800 parts of milk heated to 122^, causes a perfect 
separation of the whole of the casein in flaky masses, a pale and yellowish 
watery liquid remaining, which is the whey or serum, sometimes entirely 
deprived of the casein. This is probably effected by the action of the 
organic principle, pepsine, (p. 655). 

The watery portion, or whe^, i. e. the serum .of milk, is neutral, but some- 
times acid. It is rendered opaline by heat, owing to the presence of albumen ; 
also by acetic acid, if any casein remains. It has a specific gravity of r02'T, 
and contains 94*4 per cent, of water {see p. 633). It is abundantly precipi- 
tated by tannic acid and by other compounds which act on albumen. Oxalate 
of ammonia generally throws down a precipitate of oxalate of lime, owing 
to the presence of phosphate. The butter, or oil, which is reaiarkable for 
its fusibility at a low temperature (10°), is a compound of various fatty 
principles, which have been already described (p. 518). By saponification, 
these principles form fatty acids, including the butyric acid. 

The fact that milk is the food of all young mammalia in the first stage of 
life, and that the growth of the body depends on the principles contained in 
this liquid, are sufficient proofs that casein, in the living body, can be trans- 
formed into fibrin and albumen in all their modifications; the phosphate of 
lime contained in milk, being appropriated for the skeleton, and the oil of 
milk for the production of fat. 

Lactine (C^^Hg^Og^, or Cg^HigO^g + SHO); Sugar of Milk; Lactose. ^^Jt is 
this substance which gives the sweet taste to fresh milk. It is procured in 
large crystalline masses by the evaporation of the whey of fresh milk, after 
the separation of the casein and oil. It is prepared in Switzerland from 
whey, in the manufacture of Gruyere cheese. It is white, hard, and gritty, 
only slightly sweet to the taste, soluble in about 6 parts of cold and 2 parts 
of boiling water. It does not form a syrup. It is insoluble in alcohol and 
ether. Its aqueous solution turns the polarized ray to the right. Dilute 
acids convert it into glucose. Nitric acid produces with it, oxalic, as well 
as mucic acid. Lactine differs from other sugars, and resembles gums, in 
producing the last-mentioned acid with nitric acid. It does not reduce an 
alkaline solution of oxide of copper, until, by the agency of an acid, it has 
been converted into glucose. TJnder these circumstances it darkens when 
boiled with a solution of potassa, as a result of the production of glucie 
acid. It readily undergoes fermentation, the casein and albumen in milk 
being sufficient ferments. Thus at a temperature of 104° the lactine of 
fresh milk is converted into alcohol and carbonic acid, by the alcoholic fer- 
mentation: if the milk has been exposed to air for some time, a change is 
induced in the casein, by which lactic acid is produced, as a result of the 
lactic fermentation. This is seen in the spontaneous souring of milk when 
long kept, the casein being separated in curds by the lactic acid, either im- 
mediately or when slightly warmed. Under other conditions milk passes 
through the butyric fermentation, and butyric acid is a product. Lactine is 
represented as consisting of equal equivalents of carbon, hydrogen, and 
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oxygen; but at 248^ it loses 2 atoms of water, and at 302^ it loses 3 atoms 
of water. According to Regnault, in combining with oxide of lead, it loses 
5 atoms of water: hence its formula in the anhydrous state is Cg^H^yO^g. In 
the hydrated state it corresponds to 2 of fructose or uncrystallizable sugar, 
for C,AA4 are -2(C,,H,,0,,). 

Lactic Acid (CgHgOg, or CgH^O^+HO). — This acid, which gives an acid 
reaction to milk, is a product of the fermentation of lactine, of beet-root 
juice, and other substances. It may be procured from the whey of sour 
milk. Sour whey is evaporated to one-sixth of its original weight and 
filtered : lime is added to the filtrate, to precipitate phosphoric acid, and any 
excess of lime is removed by oxalic acid and subsequent filtration. The 
liquid is concentrated, and the lactic acid may be dissolved out by alcohol, 
and subsequently purified. It is a colorless liquid of the consistency of 
syrup, miscible in all proportions with water and alcohol. It dissolves 
phosphate of lime, decomposes the acetates, and coagulates albumen. It 
produces no change in cold fresh milk, but the presence of a small trace of 
this acid in boiling milk, causes coagulation. It is supposed to be present 
in the sweat and in many of the fluids of the body. Lactic acid is simply an 
isomeric condition of lactine, for 4 (CgHgOg) = 02^1124024. Lactic acid con- 
tains 1 atom of water, hence its usual formula is Q^fi^,^0. 

Saliva.— This is a transparent viscid liquid, secreted by the salivary 
glands. Its sp. gr. is 1*008. It is generally mixed with the mucous secre- 
tions of the mouth : these are acid, and when they predominate, give an acid 
reaction to the saliva, but this secretion, in a pure state, is always alkaline 
(Andral). The alkalinity probably depends upon the presence of phosphate 
of soda, which with chloride of sodium and phosphate of lime, forms the 
bulk of the mineral matter, found in this secretion. Saliva commonly pre- 
sents itself as a ropy, opaline liquid, depositing, on standing, threads or 
flakes of opaque mucus. Under the microscope it presents mucous globules 
and epithelial scales. Alcohol precipitates from the clear liquid an albu- 
minoid principle {ptyalin), which forms, with the mucus, from 1 to 2 per 
cent, of saliva. The mucus which gives the ropiness to saliva may be sepa- 
rated by acetic acid. The ptyalin precipitated by alcohol is redissolved by 
the addition of water. The liquid is rendered more opaline on boiling, or 
by the action of nitric acid. Tannic acid and subacetate of lead also throw 
down the ptyalin. The addition of a drop of neutral persulphate of iron, 
imparts a deep red color to saliva, which disappears on the addition of a 
solution of corrosive sublimate. This indicates the presence of a trace of an 
alkaline sulphocyanide, which is found in all healthy saliva. The solid con- 
tents of saliva vary. We have found by experiment that the solid residue 
does not exceed 2 per cent. The ptyalin and mucus, according to Lehmann, 
are generally below 1 per cent. The saliva of tobacco-smokers, according 
to Gmelin, contains from 1-14 to 1*1 9 per cent, of solid matter, which leaves, 
when burned, 0*25 of ash The tartar which is deposited on the teeth, and 
salivary calculi, consist of the salts of the saliva, chiefly phosphate of lime 
cemented with animal matter. 

The ftyalin of saliva differs from albumen in its power, at a temperature 
of 100°, of rapidly transforming starch and dextrine into glucose. The 
use of the saliva is to aid in the reduction of the food to a perfectly soft 
state, so that it may not only be more easily swallowed, but that when it 
reaches the stomach, it may be more completely penetrated by the gastric 
juice. 

6. Serpent-poison; Echidnine (from hx^^^voBihiji, viperous). — The secre- 
tion from the poison-glands of the viper and other serpents, is a clear viscid 
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fluid, of a slightly yellow color, and neutral in its reaction. It contains al- 
bumen, mucus, fatty matter, a yellow coloring principle ; and among its salts, 
phosphates and chlorides. There is associated with the albumen, a peculiar 
nitrogenous body resembling ptyalin and pepsine, which is called^ ecAzWwme, 
and which appears to be the active poisonous principle of this fluid. Its 
exact constitution is unknown (Bernard). Echidnine is soluble in alcohol: 
and may be separated from the other principles by the employment of this 
liquid, and subsequently evaporating the solution in vacuo. The fatty mat- 
ter may be removed by ether. Echidnine thus obtained, is in colorless white 
uncrystalline scales, resembling tannic acid. It is neutral, and has neither 
odor nor taste. When heated with potassa, it evolves ammonia : it is solu- 
ble in water, hot and cold. The precipitate which is first produced in the 
aqueous solution by alcohol, is redissolved by an excess. It is not precipi- 
tated by acetate of lead. It acts upon the blood of animals like the serpent 
poison. De Blainville considers it to be analogous to ptyalin, and that the 
fluid containing it, is a peculiar kind of saliva. The poison-bag of the viper 
seldom contains more than one grain and a half this liquid : l-250th of a 
grain is sufficient to kill a small bird. This poison produces no injurious 
effects when swallowed (Dumeril). 

T. Gastric Juice. — This is a secretion from the mucous membrane of the 
stomach. When separated from mucus by filtration, it presents itself as a 
colorless limpid liquid, of an acid reaction, from the presence of lactic or 
hydrochloric acid, the former being probably derived from starch or sugar, 
taken as food. It contains from 96 to 98 per cent, of water, the residue 
consisting of organic matter and salts, of which chloride of sodium and 
alkaline sulphates are the principal. The acid mucus of the stomach is 
associated with a nitrogenous principle (pepsine)^ to which its solvent pro- 
perties are due. It has been precipitated and extracted from the fluid por- 
tion by alcohol and acetate of lead, but probably in an altered condition. 
Its'' constituents cannot, therefore, be accurately determined. Fibrin or 
coagulated albumen plunged into this liquid, at the temperature of the body, 
swells up, and becomes gradually disintegrated and dissolved. This pro- 
perty of dissolving fibrin and analogous substances has been verified by ex- 
periments on animals : and in one remarkable instance in a human being, in 
whose stomach there was a fistulous opening. Pepsine loses this solvent 
property at a temperature above 120^. From the researches of Dr. Robin- 
son on the human foetus, it appears that no gastric juice is secreted in the 
stomach, until the act of respiration has been performed. He found that 
the contents of the stomach before birth, consisted chiefly of the liquor amnii, 
mixed with an albuminous matter and saliva. There is no proper digestion, 
and only an imperfect process of chyraification. 

Medicinal pepsine consists of the dried mucus scraped from the interior of 
the stomachs of animals (the sheep and the pig). It is sometimes incorpo- 
rated with starch. The soluble pepsine consists of this substance dissolved 
in a solution of chloride of sodium. It is supposed to supply additional 
digestive power, to those whose stomachic secretions are deficient in pepsine. 

8. Pancreatic Fluid. — This is a colorless viscid liquid, which is secreted 
by the pancreas. It is always alkaline, and is rendered frothy by agitation. 
It yields from 8 to 9 per cent, of a solid residue, of an albuminoid nature. 
When heated, it sets into a solid like ovalbumen. It is also, like this prin- 
ciple, precipitated from its aqueous solution by alcohol ; but an excess of 
water redissolves the precipitate, even after it has been dried. When the 
solid residue is incinerated, the ash yields chloride of sodium, with phosphate 
and carbonate of soda. The nature of the organic principle is not well 
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understood. It appears to resemble, in some respects, ptyalin (the albumen 
of saliva), but its characteristic property is to assimilate oily matters. It 
forms an emulsion with all oils and fats, when mixed with these substances, 
and the mixture is heated to about 100^, — the temperature of the body. 
Chemically speaking, this appears to be a process of saponification, glycerine 
is produced, and the fatty acids are set free. 

9. Mucus is a viscid tenacious liquid, secreted by mucous membranes in 
the healthy state. It is white, yellow, green, and sometimes almost black. 
It is thrown out from the membranes of the nose, mouth, and air-passages, 
as well as from the whole tract of the alimentary canal. It is sometimes 
opaque, at others transparent, ropy, or gelatinous, according to the part 
which secretes it. Mucus generally has an alkaline reaction. It is heavier 
than water, and insoluble, but diffusible in this liquid : it is not coagulated 
by heat. It is precipitated from its aqueous mixture by acetic acid and 
alcohol. It appears to be a modified state of albumen {mucin). Under the 
microscope, mucus presents nucleated globules and epithelial scales, which 
vary in shape with the situation of the membrane from which they are thrown 
off. 

10. Pus is a morbid or diseased secretion from mucous membranes, 
ulcers, or abscesses. It is a creamy-looking-liquid, of a yellowish-white 
color. Its sp. gr. is 1*030. When in a normal state it is alkaline; and, 
according to Andral, it is never acid until it has been exposed to air. It 
contains 86 '1 water, 7*4 albumen, dissolved, forming a serous liquid, and 
5 '9 of fatty matter, including salts. Examined microscopically, pus presents 
numerous white nucleated globules, mixed with oil-globules, floating in a 
serous liquid. When diffused in water, the serum dissolves, and the whit^ 
mucous globules subside. The aqueous solution is coagulated by heat, and 
possesses the other properties of diluted albumen. By this character, and the 
presence of oil-globules, pus may be distinguished from mucus. It appears 
to be serum in which colorless globules of a special character are developed. 
If pus is mixed with a solution of potassa, it forms a jelly resembling bronchial 
mucus. The albuminous principle existing in pus is called jt?^m. When 
absorbed into the blood, pus appears to act as a powerful poison. In diseased 
states, of the body, it forms a vehicle for some of the most virulent animal 
poisons, such as that of glanders and smallpox. 

11. Synovia is a glairy yellowish-white fluid : it derives its name from 
Gvvj cum, and uibv, ovum, owing to its resembling the white of an egg in its 
viscidity. It is secreted by the lining membranes of joints, only in sufficient 
quantity to keep the surfaces lubricated. It is an alkaline fluid, containing 
albumen and salts, which consist chiefly of the phosphates of lime and soda. 

12. Liquor Amnii. — The organic principle in this liquid is albumen, 
associated with chloride of sodium and phosphate and carbonate of lime. 
It is remarkable that the proportion of albumen varies according to the 
period of gestation. At the 4th month in the human female, it amounts to 
10 "tt per cent. ; at the 5th to 7-67 ; at the 6th to 6 •6*7 ; and at the 9th to 
0-82. In the latter stage of gestation, it contains merely traces of albumen 
and saline matter. 

13. Cutaneous Secretion. Pulmona^^y exhalation, — The sudoriparous 
glands of the skin, secrete a liquid which is constantly escaping in the form 
of vapor, and is speedily condensed on cold surfaces. Under violent exercise, 
or in a temperature at or above 100°, it is deposited on the skin in a liquid 
form : in this state it has an acid reaction. It is said to contain from 0*5 



PULMONARY EXHALATION. BILE. 657 

to 1*25 per cent, of a solid albuminous substance, including saline matter, 
principally consisting of the chlorides of sodium and ammonium, with alka- 
line phosphates. As it is secreted from the axillse, it has a peculiar odor. It 
produces in drying a yellowish stain on linen. An aqueous solution of the 
dried excretion is neutral : like albumen, it is rendered opaline by boiling, 
and is coagulated by nitric acid. A large quantity of chloride of sodium is 
continually eliminated from the skin by this excretion, when the body is in a 
healthy state. If the hands, when perfectly clean, are dipped for a short 
time in distilled water, it will be found, on adding a solution of nitrate of 
silver to the water, that it produces a whitish precipitate, indicative of the 
presence of alkaline chloride derived from the skin This excretion is some- 
times acid, owing to the presence of lactic and acetic acids : it easily under- 
goes decomposition, and sulphur compounds with ammonia and other 
offensive effluvia are produced. In these chemical changes of the condensed 
liquid, we have probably one of the sources of noxious exhalations in 
closely inhabited dwellings. 

The hciUtus, or aqueous vapor which escapes in respiration, also contains 
nitrogenous animal matter, which is liable to decomposition. Ammonia is 
said to be thus eliminated, but we have not found this alkali present in 
expired air in a healthy person. When extricated from the lungs, from the 
blood, or from the skin, it is probably a result of the decomposition of nitro- 
genous matter. This exhalation generally contains noxious volatile vapors. 
which have been absorbed into the blood. Thus, alcohol, ether, chloroform, 
and prussic acid have been recognized by their odors, in the vapor expired 
by persons who were laboring under their effects. 

Humors of the Eye. — -The crystalline lens, of which the refracting index 
compared with that of water is 1*339 to 1*336, contains 35-9 per cent, of 
the albuminoid principle glohulin. The vitreous humor consists of albumen 
0'18, chloride of sodium and extractive (?) r43, water 98*40. The aqueous 
humor is water, with traces of animal matter and common salt. 

Tears. — The liquid secreted by the lachrymal glands and poured from the 
eye under powerful emotion, is chiefly water, with a trace of albumen and 
chloride of sodium. The Liquor Pericardii and Cerebrospinal Jluid are 
also of an albuminous nature. 

The two principal non-albuminous fluids produced from the blood, are the 
Bile and Urine --^i\\Q one secreted by the venous blood of the liver, the other 
by the arterial blood of the kidneys. 

1. Bile. — This is a ropy, viscid, and saponaceous liquid of a greenish- 
yellow color in man, greenish-brown in the ox, and emerald or grass-green 
in birds, reptiles, and fish. It has an offensive odor and a bitter taste. Its 
sp. gr. is 1*024. It has a slightly alkaline reaction, and it mixes in all pro- 
portions with water, giving a yellow color to this liquid, and rendering it 
viscid and frothy. 

The bile contains no albumen,: it is not coagulated by heat. Alcohol 
renders it turbid by precipitating the mucus. Alkalies readily mix with it ; 
but acids, including the acetic, throw down a dense precipitate, consisting of 
the organic acids of the bile with mucus and coloring-matter. 100 parts of 
ox-bile evaporated on a water-bath left a residue of 9*2 parts solid matters-, 
and this residue, when incinerated, yielded a strongly alkaline ash, weighing 
1*2 grains. It contained a large proportion of soda. 

The bile essentially consists of the salts of two peculiar organic acids, in 

which soda is the base, namely, the chelate and choleate of soda, of cholesterine, 

and fat, as well as mucus and coloring-matter. The cholic and choleic acids 

are of the nature of the resinous and fatty acids ; hence they were formerly 

42 
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included under one substance, which was called biliary matter, or resin of 
the bile. They give, by the presence of their salts, a saponaceous character 
to the liquid : it is well known that ox-gall is a powerful detergent, and is 
much used as such, in the arts and manufactures. 

By digesting the dried extract of bile in alcohol, all is dissolved excepting 
the mucus, the cholate and choleate of soda being soluble in this liquid. 
Cholic acid is a nitrogenous acid, while choleic acid not only contains 
nitrogen, but all the sulphur which is found in the bile. The cholic acid is 
in much larger proportion than the choleic. 

Cholic Acid (CsgH^gO^gN) Glycocholic, Glycocholalic Acid, — This acid 
may be procured by mixing the filtered solution of bile in absolute alcohol, 
with three or four parts of ether. This causes a crystalline deposit of cholate 
of soda. By digesting this deposit in dilute sulphuric acid, crystals of 
cholic acid are obtained. They are very soluble in alcohol, but are not 
readily dissolved by water or ether. If the coloring-matter of the bile has 
been previously removed by animal charcoal, the crystals may be obtained 
quite white. Cholic acid is what has been termed a conjugated compound 
of a nitrogenous substance, Glycocine or gelatin sugar (p. 544), and a non- 
nitrogenous acid called the cholalic. When cholic acid is boiled in a solution 
of potassa, these compounds result, two atoms of water being required to 
effect the decomposition :— 

^ C,,H,3Q,,N ^ + 2H0 == ^sH4oOjo__^ + ^a^,0a1^_^ 
Cholic acid. Water. Cliolalic acid. Glycocine. 

When cholic acid is boiled with hydrochloric or other acids, glycocine is 
Bet free •, but a new acid appears, namely, the choloidic (C^gHggOy). This is 
an isomeric compound of the anhydrous cholalic acid; in the hydrated state, 
the latter acid contains one equivalent of water. The choloidic acid is an 
un-crystalline resinous-looking substance, insoluble in water and soluble in 
alcohol, like a resin. This was no doubt the resin of the bile as described 
by former writers. Cholalic acid, when long boiled with hydrochloric acid, 
is itself decomposed: it loses three equivalents of water, becoming Dyslysine 
(G,JI,,0„). 

Choleic Acid {^r^^^^fi-^^^^)- Tauro-cholic. Tauro- cholalic Acid. — This 
acid is procured from the choleate of soda, by adding acetate of lead to a 
solution of bile in 10 or 15 parts of water, and afterwards a little ammonia. 
The resulting precipitate is gently heated; the liquid is then poured from it, 
and it is triturated and washed with a little water, and afterwards treated 
with boiling alcohol, which dissolves an acid salt, leaving a basic salt, and 
a compound of coloring-matter and oxide of lead. The alcoholic solution, 
decomposed by sulphuretted hydrogen, filtered, and evaporated to dryness, 
leaves a brown resinous magma, from which fatty matters (margaric acid and 
cholesterine) must be separated by ether : it is then redissolved in cold weak 
alcohol, filtered and evaporated to dryness : the remaining choleic acid is 
slightly contaminated by soda, sulphur, and margaric acid. (Demaroay. ) 
It has not yet been obtained in a pure state ; but its constitution may be 
inferred from the compounds into which it is resolved, when boiled with 
alkalies, namely, taurine and cholalic acid. Two equivalents of water are 
required to bring about'this change, when choleic acid is boiled in a solution 
of potassa : — 

Choleic acid. Water. Cholalic acid. Taurine. 

It is remarkable that in this breaking-up of choleic acid, all the sulphur 
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and nitrogen should go into the taurine. Acids produce a similar change, 
but they convert the cholalic into choloidic acid ; and this, by further boiling, 
into dyslysine. It appears that when the bile is spontaneously changed by 
putrefaction, taurine and cholalic acids, are products of the decomposition 
of the cholic and choleic acids. 

The inapure cholic and choleic acids, as they are obtained in combination 
with soda, by the evaporation of bile, form a greenish-brown resinous-looking 
substance, which melts like a resin, burns with a smoky flame, and leaves a 
carbonaceous ash, in which soda may be abundantly detected. It was 
formerly called Bilin. 

Taurine (C^HyOgSgN). — This principle is obtained directly from bile, by 
boiling it with hydrochloric acid until the liquor, at first turbid, becomes 
clear: the choloidic acid is separated by decantation, and the liquid is 
evaporated until the greater part of the chloride of sodium has been de-, 
posited. Five or six parts of alcohol are then added to the mother-liquor, 
when the taurine gradually falls in acicular crystals, which may be purified 
by washing them with alcohol, solution in boiling water, and recrystallization. 
Pure taurine forms colorless four- sided prisms, which are inodorous and 
nearly tasteless, neutral, permanent in the air, soluble in water, but insoluble 
in absolute alcohol. The presence of a large amount of sulphur in taurine 
(and in bile) is important in reference to chemical physiology, and the 
functions of the liver. A variety of other products have been described as 
derivatives from bile, but they have not been adequately defined or examined. 
Some of them appear to be the preceding substances in an impure state, or 
mixtures of them. 

Gholesterine {Q^J^^fi^-\-^'U.O). — This is a solid fatty principle, found in 
traces only in the bile : according to Berzelius, it does not form more than 
one-1 0,000th part of this liquid. It cannot be readily extracted from bile, 
but it may be procured from gall-stones. These consist of cholesterine 
{zo'K'ri, hile, and atia^.fat), or inspissated bile, with mucus and more or less 
coloring matter. These stones are lighter than water, of various colors, 
generally brittle, friable, with flat surfaces and angles. When heated, they 
melt and burn. To obtain cholesterine, the gall-stone is finely powdered, 
and the powder boiled in alcohol. The liquid is filtered while hot, and on 
cooling, the cholesterine is deposited in pearly scales. Cholesterine has 
been found in the brain, in yelk of egg, and in some morbid secretions. 

Pure cholesterine is seen in colorless scales, which are lighter than water, 
and fusible at 293^ into a colorless liquid, which does not concrete until 
cooled to 240^. It is insoluble in water, and scarcely soluble in cold alcohol; 
it dissolves in boiling alcohol, ether, wood-spirit, and in oils. In close 
vessels, it may be sublimed unchanged. It is not acted upon by the alkalies 
even when long boiled in their solutions. 

In addition to cholesterine, there is a peculiar fatty matter in bile in 
combination with soda. It exists as margarate and oleate of soda. 

Lithofellic Acid (Q^Jl^fi^JlO). — This compound resembles cholesterine 
in its properties. It is found in the form of browai concretions in the intes- 
tines of certain animals in eastern countries. The concretions are known 
under the name of hezoars. 

Amhreine (OggllggO). — This is obtained from ambergris, which is a diseased 
concretion from the intestines of the spermaceti whale. It is a fat-like 
matter, amounting, in some specimens, to 60 per cent., and, according to 
Chevreul, it resemlDles cholesterine. Benzoic acid has been found in some 
specimens of ambergris ; in others, equally genuine, there are no traces of 
it. Musk, castor, and civet, exclusive of tneir peculiar and odorous princi- 
ples, contain distinct species of fat. 
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Tests for Bile. ^^1, The cholates and choleates maybe distinguished by 
the peculiar action of sulphuric acid and grape-sugar upon their solutions^ 
moderately heated. (Pettenkofer.) If to half an ounce of diluted bile, one 
drop of a solution of sugar is added, and sulphuric acid is gradually dropped 
into the mixture, a brownish precipitate is at first formed ; but this is dis- 
solved on the addition of more acid, and the liquid acquires a rich red, 
gradually passing into a purple color. It is brought out by warming and 
agitating the mixture, taking care that the temperature does not exceed 
120^. The color is strikingly shown by heating the mixture in a w^hite 
plate. 

2. The coloring-matter of bile, when diluted with water, appears yellow i 
it imparts a yellow stain to organic substances. Strong nitric acid produces 
with it a green color, passing through shades of blue, violet, and red, under 
exposure to air, the intensity of the colors depending on the quantity pre- 
sent. Nitric acid dropped on bile, rendered a little alkaline, produces a red 
and bluish, followed by a green color. One mode of testing for diluted bile 
in liquids is dependent on this reaction. Add a small quantity of nitric acid 
to the liquid and allow it to stand. The liquid slowly acquires a greenish 
color if the coloring-matter of bile is present. The green color is strikingly 
brought out by adding strong hydrochloric acid to the colored liquid, and 
boiling the mixture for a short time. The production of a green color by 
acids, merely indicates the presence of the coloring-matter~not of the bile 
itself. The only true test for bile, is that of Pettenkofer : the production of 
a red color by the action of sulphuric acid and sugar, indicates the presence 
of cholic and choleic acids. It has been noticed in certain cases, that the 
urine contained the coloring-matter only : it was turned green by nitric acid, 
but as it gave no results with the sulphuric acid and sugar-tests, the main 
constituents of ftie bile were absent. 

We subjoin, in a concise form, an analysis of 100 parts of the bile of the 
ox, sp. gr. 1-024: — 

Cholic and cli oleic acids, with mucus and fat . . . 8*0 
Mineral matter containing much soda . . . . 1*2 
Water 90-8 



100-0 

The action of the bile in chymification in the living body, does not admit 
of any satisfactory chemical explanation. It assists in some manner to con- 
vert tl^e chyme (digested food) into chylous matter, rendering it proper for 
absorption and for being carried into the blood. 

The meconium which collects in the intestines during foetal life has been 
found to consist chiefly of excreted bile with intestinal mucus. 

Excrementitious matter. — This has been supposed to consist, in great part, 
of biliary matter ; but from analyses which have been made, it appears that, 
except under the violent action of purgative medicines or in disease, the 
amount of bile actually discharged, is very small. The portion which is ex- 
creted, consists chiefly of the coloring and fatty matters, and does not amount 
to more than one-sixteenth part of the weight of the secretion. Hence the 
organic acids of the bile, are probably reabsorbed into the system in an 
altered condition. The proportion of water in feculent matter is about TO 
to 15 per cent., and the residue is made up of unassimilated food, woody 
fibre, and nitrogenous matters. Dr. Marcet has extracted from feces a 
crystalline principle which he calls Excreiine. 

An analysis made by Berzelius gives the following results : Water 13*3 ; 
soluble organic matters, including bile, albumen, and salts, h'^ \ insoluble 
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residue of food, *1'0 ; insoluble matters from the intestines, with mucus, 14. 
The salts are chiefly phosphates and chlorides. 

2. The Urine. — This liquid, which is secreted by the kidneys, carries off 
several substances from the blood, which may be termed excrementitious, 
and which would be injurious if retained : these substances, for the most part, 
abound in nitrogen. Its sp. gr. ranges from 1-015 to 1-030. It is usually 
about 1*020 ; but in some forms of disease it is found to be much higher, and 
in others, much lower. 

The urine when first voided is limpid, and of various tints of yellow, in- 
clining in health to a pale straw-color. Its taste is saline and bitterish. 
Its odor is peculiar, urinous. Its solid contents may in general be estimated 
at between 5 and 8 per cent. 

Recent healthy urine almost always has more or less of an acid reaction. 
According to Andral, the urine is acid in health and disease; and is only 
alkaline, when the mucous membrane secretes pus. After it has stood in an 
open vessel for a few hours, the acidity gradually becomes less apparent, and 
it generally deposits a little mucus, containing traces of acid urate of am- 
monia. It is extremely prone to complicated changes ; and in warm weather 
it begins in the course of a few hours to putrefy and to acquire new properties. 
It becomes alkaline, acquires a disagreeable odor, and lets fall a whitish, 
sediment, consisting chiefly of ammonio-magnesian phosphate, and phosphate 
of lime; it becomes afterwards ammoniacal, and is found to hold carbonate 
of ammonia in solution. Similar changes may be effected by continued 
boiling ; they are chiefly referable to the decomposition of the characteristic 
ingredient of the urine, namely urea, a substance which is easily resolved 
during putrefaction into carbonate of ammonia. 

The principal constituents of healthy urine are urea, uric acid, fixed salts, 
coloring -matter, organic matters, and mucus. As the urine varies in sp. gr., 
so do these substances vary in quantity ; and in the same individual, at dif- 
ferent hours of the day, the urine presents very different proportions of solid 
contents. The late Dr. Golding Bird obtained the following results, in ex- 
amining 1000 parts of the urine of a healthy person after ten hour's fasting, 
(iirina sanguinis)^ and the urine after dinner in the evening (iirina cibi): — 

Analysis of urine. After fasting. After eating. 

Specific gravity 1-016 1-030 

Water 962-72 930-10 

Solids . 37-28 69-90 

Urea 14-30 24-40 

Uric acid 0-23 1-33 

Fixed salts, cliiefiy chlorides, sulphates, and \ ^..^ o.q^ 

phosphates ..... j 

Organic matter, kreatine,kreatinine, coloring \ 17.00 S4'27 

matter, and volatile salts . . . / 

The acidity of fresh urine has been variously ascribed to the presence of 
uric acid, of hippuric acid, of lactic acid, and superphosphates. It is pro- 
bable that it depends on the presence of the latter. 

The properties and composition of the salts found in the urine, have 
already been described in other parts of the work. The chemical properties 
of urea, and of uric acid, bodies which peculiarly characterize urine, remain 
to be noticed. 

Urea (C3H402]Sr2).-»This is the principle which confers upon the urine 
its chief peculiarities. It may be procured by the following processes .-— - 
(l.)Evaporate urine by a gentle heat (never exceeding 200°), to the con- 
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sistence of a thin syrup, filter, and add to the filtrate, an equal volume of 
colorless nitric acid, (sp. gr. 1-35), which should be perfectly free from 
nitrous acid. A brisk effervescence ensues, and there is at the same time a 
copious deposition of crystallized and nearly pure nitrate of urea, this com- 
pound not being dissolved by an excess of strong nitric acid. If the evapo- 
rated urine is allowed to cool before the acid is added, the crystals are very 
brown. The nitrate of urea is dissolved in a small quantity of water, and 
treated with carbonate of baryta or of potassa, until rendered neutral : on 
evaporating the clear solution, crystals of nitrate of baryta (or nitrate of 
potassa), are first obtained, and then those of urea. The latter are purified 
by redissolving them in alcohol, which takes up the urea, and yields it in 
crystals, when evaporated. If the urea is colored, a little permanganate of 
potassa may be added to its aqueous solution, which has no action on urea, 
but destroys the coloring-matter. Any color cooiraunicated by an excess 
of permanganate, is instantly destroyed by a few drops of alcohol, and the 
filtrate then yields colorless crystals of urea. (2.) The concentrated urine 
may be saturated by oxalic acid, which yields crystals of oxalate of urea; 
these, dissolved in water, decolored by animal charcoal, and decomposed by 
digestion with carbonate of lime, yield a solution from which colorless crys- 
tals of urea may be obtained. (3.) From cyanate of ammonia. 28 parts 
of dried ferrocyanide of potassium, and 14 parts of binoxide of manganese, 
are mixed in powder, and calcined upon an iron plate, heated to dull red- 
ness; the mixture takes fire, but \% gradually extinguished, and must be 
stirred, while cooling, to prevent agglutination. The cold mass is then 
powdered and digested in cold water, which takes up the cyanate of potassa; 
this solution is filtered off and set aside ; the remaining powder is then 
washed with a second portion of cold water and again filtered, and in this 
filtrate, 20-5 parts of sulphate of ammonia are dissolved, and the solution 
added to the first filtered solution of the cyanate. A large quantity of sul- 
phate of potassa is deposited, which is strained off, and the filtered liquor, 
now containing, with some sulphate of potassa, all the cyanate of ammonia, 
is evaporated to dryness, during which process the cyanate of ammonia is 
transformed into urea (p. 18). The dry mass is digested in alcohol, which 
dissolves only the urea, and yields it pure, on evaporation. (Liebig, Annalen 
der Pharm.j xxxiii. 108.) 

6Vea crystallizes in flattened four-sided prisms; they generally resemble 
nitre in appearance, and have a similar cooling saline taste : they are inodo- 
rous. They are soluble in their own weight of cold water, and in every 
proportion in hot water ; they dissolve in 4'5 of cold, and in 2 parts of 
boiling alcohol ; but they are insoluble in ether, and in an excess of strong 
nitric acid. Their solution is neither acid nor alkaline; but urea belongs 
to the class of neutral organic bases, and forms crystallizable compounds 
with several of the acids. Pure urea is permanent in the air ; at 250° it 
fuses into a colorless liquid; at a higher temperature it yields ammonia, 
cyanate of ammonia, and dry solid cyanuric acid. When heated in her- 
metically sealed vessels to between 428^ and 464^, it is entirely converted 
into carbonate of ammonia. Alkalies do not evolve ammonia by their action 
upon urea, unless aided by heat ; but when fused with them it is resolved into 
carbonic acid and ammonia. An aqueous solution of urea remains long with- 
out change ; but the addition of proteiniferous substances resolves it more 
rapidly into carbonate of ammonia. In this case 1 atom of urea, and 2 atoms 
of water, yiel d 2 atoms of carbonate of ammonia; C^H^OgNg, -f 2H0, = 2(NH3, 
COJ. Urea produces no precipitate in a solution of nitrate of silver; but 
when nitrate of silver and a little potassa are added to a cold solution of urea, 
a compound of oxide of silver with urea, is thrown down. If the mixed 
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solution of urea and silver is evaporated at about 120^, nitrate of ammonia 
and cyanate of silver are the results ; an atom of urea containing the ele- 
ments of an atom of cyanic acid, an atom of ammonia, and an atom of water: 

Nitrate of Urea (C^H^OgNgjNO^^HO). — This is prepared by the process 
above, described. It crystallizes in rhombic plates. The crystals are soluble 
in 8 parts of cold vrater. Heated above 212^, nitrate of urea is decomposed, 
evolving carbonic acid and nitrogen. At 284° it is resolved, according to 
Pelouze,into carbonic acid and nitrous oxide, in the proportion of 2 volumes 
to 1, and the residue is nitrate of ammonia; at a higher temperature, water, 
nitrous oxide, carbonic acid, and ammonia, are the products. 

Nitrous acid immediately decomposes urea; equal volumes of carbonic 
acid and nitrogen are evolved, and nitrate of ammonia is formed: (CgH^Og 
j^, + 2jSr04=2C02-f2N-l-NH40,N05). (Millon, Ann. Ch. et Fh., Seme 
Ser. viii. 233.) 

Oxalate of C/irm (CgH^O.^Ng+CQOg + HO).— This salt is thrown down in 
short flattened prismatic crystals, on mixing strong aqueous solutions of 
oxalic acid and urea : it is less soluble than the nitrate. The production of 
the nitrate and oxalate can be well observed under the microscope with an 
inch power, on adding the respective acids to concentrated urine. 

Sal-ammoniac crystallizes from an aqueous solution containing a little 
urea, in cubes instead of octahedra ; while common salt, under the same 
circumstances, crystallizes in octahedra instead of cubes: these crystals only 
contain a trace of urea. 

The proportion of urea contained in urine, is subject to great variation. 
Sometimes it can scarcely be detected, owing to the large amount of other 
organic matters which are present (diabetes). It is deficient in hysteria. 
It is generally in larger quantity in the urine of males, than in that of females, 
and is more abundant in youth than in old age. It is the great medium for 
the elimination of nitrogen, of which it contains 28 per cent. It is found 
in the healthy blood in small quantity, so that it appears to be simply elimi- 
nated, and not secreted by the kidneys. When these organs are extensively 
diseased, the urea accumulates in the blood, and is found in large quantity 
in this and other fluids of the body. It then produces a form of narcotic 
poisoning, known under the name of urcEmia. 

In a state of health, human urine does not contain. sufficient urea to be 
indicated by a deposit of crystals, on the addition of nitric acid ; but if 
fresh urine is gently evaporated in a watch-glass to about one-third of its 
bulk, and an equal volume of strong colorless nitric acid is then added, 
there should be, after a time, a deposit of crystallized nitrate of urea in 
rhombic plates. 

Urio Acid {Q^^S^^^r=.Q^^\Jd^^J^%-KO\ Litliic Acid. Vrylic Acid. 
—This acid forms but a small proportion of the solid contents of urine. It 
is found abundantly in some kinds of urinary calculi (hence called /^^/^^c acid)^ 
in the urine of birds of prey, and those which feed on fish and animal matter. 
The substance called Guano, which is used as a manure, is the decomposed 
excrement of aquatic 'birds ; it contains a large proportion of uric acid. 
The excrement of birds, generally consists of a white chalky mass which is 
a compound of uric acid and lime. The excrement of the boa-constrictor 
and other large snakes is chiefly composed of urate of ammonia; it is voided 
in the form of a gray semi-fluid mass, which, on drying, forms a whitish, 
friable, chalky-looking substance. In order to procure pure uric acid, this 
substance should be reduced to powder and boiled, first in alcohol, and then 
in water, to remove all matters soluble in these liquids ; it may then be 
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treated with dilute hydrochloric acid to remove phosphate of lime, washed, 
and digested in a hot solution of caustic potassa. The liquid is then poured 
off or filtered, more of the solution of potassa is added to it, and it is con- 
centrated by evaporation, when the urate of potassa, which is not soluble in 
the strong alkaline liquid, separates, while the coloring matters are retained. 
On cooling, the whole concretes into a pasty mass, which must be pressed 
out and washed with cold water. The urate of potassa which remains, is 
then dissolved in boiling water, and the hot solution poured into hydrochloric 
acid, when a white gelatinous precipitate falls, which soon assumes a crys- 
talline aspect; and when washed and dried, is pure uric acid. 

Uric acid may be also obtained by boiling the excrement of the snake in 
30 or 40 parts of a weak solution of caustic potassa until the odor of 
ammonia is no longer perceived; the solution is then filtered, and hydro- 
chloric acid is added. 

Uric acid is a soft white crystalline powder ; it is insipid and inodorous ; 
it slightly reddens moistened litmus-paper. It is almost insoluble in cold 
water, requiring 10,000 parts to dissolve it, but soluble in between 1800 to 
1900 parts of boiling water; it is insoluble in alcohol and in ether. Sul- 
phuric acid dissolves it, but it is again precipitated as a hydrate on adding 
water. It is dissolved by potassa and soda, but not by their carbonates. 
When dried at 212^, this acid retains two atoms of water, being bibasic ; 
0^011204^44-2110. When heated on platinum foil, the acid is decomposed, 
leaving only a slight residue of carbon. If heated in a close tube, it evolves, 
among other products, ammonia. 

Owing to the small quantity present in urine, it is not easily detected in 
this liquid. It may, however, be discovered by the use of the microscope. 
As it exists in the urine in a combined state, an acid must be employed for 
its separation. Two or three ounces of urine should be warmed and poured 
into a conical test-glass ; a few drops of hydrochloric acid are added, and 
the liquid stirred. After some hours, either a dark-colored pellicle forms on 
the surface, or small reddish-brown crystals are deposited. These, when 
examined microscopically, have a rhombic or fascicular form. They are 
combined with much coloring matter. Uric acid has been found as urate of 
soda, in the blood of gouty persons. It is observed that the proportion of 
uric acid is diminished in the urine, immediately before a paroxysm of gout. 
Tests for the Acid. — In addition to the chemical characters above men- 
tioned, uric acid may be identified by the peculiar action of nitric acid. 
The powdered acid dissolves with effervescence in nitric acid. The solution 
is gently evaporated at a low temperature, and when the excess of nitric 
acid has been expelled, and the yellowish-colored residue has been exposed 
to the vapor of ammonia, the rich purple color of purpurate of ammonia, or 
murexide, appears. {See p. 624). 

Urates. — All the urates are sparingly soluble in cold water, and they are 
mostly, white insipid powders. By dry distillation they yield carbonate and 
hydrocyanate of ammonia, cyanic acid, and an empyreumatic oil; and those 
with alkaline bases leave cyanides. They are more soluble in boiling water. 
Acid Urate of Ammonia (^11^0,110,0^0112041^4). — When uric acid is 
digested in a solution of caustic ammonia, it becomes warm, and increases in 
bulk, forming, when dried, a white, amorphous salt, scarcely soluble in cold 
water. It may be obtained in minute acicular crystals, by adding excess of 
ammonia to a boiling mixture of uric acid and water, and when dried at 100^, 
has the above composition. It requires 1608 parts of water at 60^ for its 
solution. When long boiled in water, it is decomposed, ammonia is evolved, 
and the pure acid remains. This compound forms one variety of urinary 
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calculus (stone), and is frequently deposited from urine as a reddish brown 
sediment, soluble in the hot liquid, but precipitated on cooling. 

Urate of soda constitutes what are termed chalk-stones, which are deposited 
in the joints of the fingers in gout. 

The action of nitric acid upon uric acid is attended with the production 
of some remarkable compounds. When 1 part of uric acid is added by 
small portions at a time to 2 parts of nitric acid (sp. gr. 1-41 to 1*45), care 
being taken to prevent the heating of the mixture, nitrogen and carbonic 
acid (in equal volumes) are evolved, and the mixture becomes a crystalline 
magma^ from the formation of alloxan (CgH^O^oN^). Mtrate of urea is pro- 
bably first formed, which is decomposed by the evolved hyponitrous acid, 
and nitrate of ammonia, carbonic acid, and nitrogen are produced. If the 
nitric acid, instead of being concentrated, is very dilute, the uric acid dis- 
solves with effervescence, and alloxantine (CgH^O^oNg), nitrate of ammonia, 
and nitrate of urea, are found in solution. If uric acid is dissolved in 
moderately strong nitric acid, and the liquid is evaporated until gas is no 
longer evolved, the alloxan originally produced, is decomposed; and crystals 
"of parahanic acid {G^^'Kfi^^N2) ^i'^ formed. When the solution of parabanic 
acid is supersaturated with ammonia and evaporated, it combines with the 
elements of water to form oxaluric acz(i, = CgH^0gl!^2- If the nitric solution 
of parabanic acid, instead of being saturated with ammonia, is further eva- 
porated, it continues to evolve carbonic acid, and ultimately yields crystals 
of nitrate of urea. When a solution of uric acid in very dilute nitric acid^ 
is evaporated until the alloxantine which it contains, crystallizes, and the 
residue is saturated with ammonia, the liquid acquires a purple color, and 
deposits miirexide, together with a red powder, which is uramile (CgH^OgNg). 
(p. 624.) 

HiPPURio AoiD. Uro-lenzoic Acid {Q^^fi^). — The properties of this 
acid and the method of procuring it have been elsewhere described (p. 602). 
It appears to have been for a long time mistaken for benzoic acid in the 
urine of the cow, horse, and other herbivora. It will be only necessary here 
to describe the method of detecting the acid in urine. A few ounces should 
be evaporated to a small bulk and an equal bulk of hydrochloric acid then 
added. A mixture of hippliric and uric acids slowly falls mixed with 
coloring-matter. The supernatant liquid being decanted, the deposit should 
be boiled in alcohol, in which hippuric acid alone is soluble. As it is ob- 
tained from the alcoholic solution, it presents itself in four-sided prisms with 
pointed terminations. 

The Coloring -matter of the urine has not been separated in a distinct 
form. Heller has called it Uroxanthin. The late Dr. Bird suggested a test 
for this principle. A small quantity of urine is heated in a tube to the 
boiling-point, and a few drops of hydrochloric acid are added. The color 
produced varies from a pale lilac to a deep crimson, according to the amount 
of coloring-matter present. A substance analogous to indigo has been 
occasionally found in this liquid : we have in one instance seen the urine of 
a deep purple-black color. In hysteria the coloring-matter is frequently in 
very small proportion. 

Mucus, — This presents itself in healthy urine as a faint cloud subsiding 
after some hours to the bottom of the vessel. It may be separated by 
filtration. 

Kreatine and Kreatinine may be detected by the process recommended by 
Dr. Bird. Evaporate an ounce of urine and allow it to cool. Decant the 
fluid extract from the deposited salts. Dissolve in the extract, a piece of 
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chloride of zinc about the size of a pea, and set the whole aside for twenty- 
four hours. When the residue is examined by the microscope, radiating 
crystals like minute zeolites, will be observed, consisting of a triple compound 
of zinc and chlorine with kreatine and kreatinine. Their crystalline form is 
more distinctly seen, by dissolving them in a drop of water on a glass slide 
over a spirit-lamp, and allowing the solution to evaporate spontaneously. 

In reference to the fixed salts, it may be observed that ammonia or lime- 
water added to urine, produces a white precipitate, by neutralizing the 
excess of acid and throwing down the earthy phosphates. A salt of baryta 
(with nitric acid) gives a dense precipitate indicative of the presence qf 
much sulphuric acid: nitrate of silver (with nitric acid) throws down an 
abundance of chloride (chlorine), and oxalate of ammonia precipitates lime 
from the lime-salts dissolved in the liquid. Under the microscope, this 
deposit, if slowly formed, appears in the shape of octahedral crystals with 
a square base {oxalate of lime). 

The ash of urine indicates by the usual tests, the presence not only of 
lime, but of soda, which exists chiefly as chloride of sodium. The presence 
of magnesia in urine is indicated by the stellated crystals of phosphate of 
ammonia and magnesia, which are seen under the microscope, on adding 
ammonia to a few drops of urine on a microscopic slide. By evaporating 
the urine (after fasting) chloride of sodium may be seen in the form of crosses 
and daggers mixed with plumose crystals of phosphate of soda. 

The a^TiormaHngredients in the urine, are very numerous. Albumen may 
be detected by the turbidness or coagulum produced on heating the liquid, 
as well as by the action of nitric acid. Albuminous urine is frothy and of 
low specific gravity. Fus may be detected in the sediment, by the presence 
of oil-globules, also of albumen in the urine, and by the production of a jelly- 
like mass, on adding to the sediment an equal volume of solution of potassa.. 
Blood may be distinguished by a smoky color, if in small quantity, or by a 
reddish color, if in large proportion. The urine also contains the albumen 
of serum. Sugar may be detected by evaporating the urine to a syrup, 
digesting the residue in boiling alcohol, and testing the alcoholic extract 
by the copper test. (See p. 528.) 

Urinary Calculi.— These usually include— 1. Uric acid; 2. Urate of 
ammonia; 3. Oxalate of lime; 4. Phosphate of lime, and 5. Phosphate of 
ammonia and magnesia. The first two may be distinguished by the action 
of nitric acid. (See p. 664.) For the method of detecting insoluble phos- 
phates, see p. 221 : and for the analysis of oxalate of lime, p. 593. 
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WEIGHTS AND MEASURES. 

The subject of weights may be regarded as being at present in a tran- 
sition state. The Medical Council, in bringing out the new British Phar- 
macopoeia for the three kingdoms, have proposed to substitute the Avoir- 
dupois for the Troy pound but to retain the Avoirdupois ounce, and to divide 
it into 480 parts or grains, so that there may be nominally the same number of 
grains to drachms and scruples. The Avoirdupois ounce, however, represents 
only 43t'5 grains in Troy or Apothecaries^ weight, hence this further subdi- 
vision, would reduce the value of the grain now used in medicine and che- 
mistry by 1-1 1th part and a fraction. Drachms and scruples would be reduced 
in similar proportion. The Royal College of Physicians have resisted this 
innovation as inexpedient, and liable to lead to great confusion in the com- 
pounding of medicines. 

On the other hand, a select Parliamentary Committee has recently advised 
in a Report, that the ordinary English weights should be abolished, and the 
metrical system of the French, adopted in place of them. " The only weights 
and measures in use, should be the metric and Imperial, until the metric 
has been generally adopted." {Re-pori^ Sept. 1862.) 

In the meantime, we subjoin tables of English weights and measures as 
they are now used in science and commerce. In these, the reader will find 
the subdivisions of the two English pounds, with their equivalents in Erench 
grammes, on the metrical system. 

The two systems of weights called Troy and Avoirdupois have no common 
integer except the grain. Although the names, pound, ounce, and drachm 
are common to both systems, they denote different quantities in each. The 
English Troy pound is subdivided into twelve ounces, and each ounce is 
equal to 480 grains. The subdivisions of the Troy ounce, called Apothe- 
caries^ weight, are into 8 drachms, each drachm into 3 scruples, and each 
scruple into 20 grains. The Troy ounce is also divided into 20 pennyweights, 
of 24 grains each. These are the weights generally employed ; but for 
philosophical purposes, ambiguity is most easily avoided by employing the 
grain as integer : and the Laboratory should be provided with good sets of 
weights, from 1000 grains downwards; the grain should be decimally sub- 
divided into tenths, hundredths, and thousandths. 

apothecaries' weight. 

Pound. Ounces. Drachms. 

1 = 12 = 96 = 



ruples. 




Grains. 


F] 


fencli grammes. 


288 


—_ 


5760 


— 


372-96 


24 


= 


480 


= 


31-08 


3 


= 


60 


= 


3-885 


1 


= 


20 


Er= 


1-295 






1 


= 


0-0647 
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ENGLISH AND FRENCH METRICAL SYSTEM. 







. AVOIRDUPOIS WEIGHT. 




iind. 
1 


Ounces. 
= 16 
1 


Drachms. 
= 256 = 
= 16 == 


Grains. 

7000 
437-5 
27-343 


French grammes. 
= 453-25 
= 28-328 
= 1-77 



Measures of Volume. — Weights are connected with measures by the sub- 
divisions of the Imperial gallon. The weight of an ImjDerial gallon of 
absolutely pure water, at 30 inches pressure, and 62^, is ten Avoirdupois 
pounds, or 70,000 grains. It is equal to 277*274 cubic inches. It is one- 
fifth more than the old Wine gallon, i. e. 30 Imperial are=36 Wine gallons. 





IMPERIAL MEASURE. 




Gallon. Pints. 


Fluidounces. Fluidrachms. 


Minims. 


1 = 8 
1 


= 160 = 1280 

= 20 = 160 

1 = 8 

1 

WEIGHT OF WATER AT 620. 


= 76800 
= 9600 
= 480 
= 60 


Measure. 


Ctihic inches. 


Grains. 


1 G-allon 
1 Quart 
1 Pint 

16 Fluidounces 
1 Fluidounce 
1 Fluidraclim 
1 Minim 


= 277-274 == 
= 69-318 = 
= 34-659 = 
r= 27-727 = 
== 1-732 == 
= 0-216 = 
= 0-0336 = 


70,000 
17,500 
8,750 
7,000 
437-5 
54-7 
0-91 



The weight of one cubic inch of distilled water at 62^ is 252 '458 grains. 
The Troy ounce of distilled water, which contains 480 grains, is equal to 
1*8047 cubic inches. The wine-pint corresponds to 28*875, and the Imperial 
pint to 34'65 cubic inches at 60^. 

The Metrical System.. — The French metre is equal to 39 "37 0788 English 
inches. The metre is in France the integer of the measure of lengthy and 
from it all measures of surface, capacity, and weight, are derived. The 
integer of the measure of capacity, is the litre, which is the cubed decimetre, 
and is equal to 35*275 fluidounces, or 1*763 Imperial pints. The integer of 
the measure of weight, is the gramme, — Ib'lSi: English grains. It is 
exactly equal to the weight of a cubic centi?netre of water weighed in vacuo, 
at its maximum density (39^ '38). The cubic centimetre is employed by 
French chemists in all measurements of gases in place of our cubic inch. It 
is equal to 0'061 of a cubic inch. The weight of the cubic centimetre of 
water, is to the cubic inch of water, as 15*434 to 252*458 : hence there are 
16*34 cubic centimetres to an English cubic inch. 

This rule is sufficiently correct for practical purposes. It is to be observed, 
however, that the French take the weight of the cubic centimetre of water at 
39*38 in vacuo: the English take the weight of the cubic inch (252-458 
grains) at 62° in air. Assuming the sp. gr. of water at 32°, to be 1*000000, 
the sp. gr. at 360-38 is to the sp. gr. at 62°, as 1*000099 to 0*999000. 

The French measures increase and decrease in decimal proportions. For 
the increase, a prefix is used, derived from the Greek deca, hecto, Icilo, and 
myria ; the integer, whether metre, litre, or gramme, being multiplied by 
10, 100, 1000 and 10,000 respectively. To indicate the decrease, the prefixes 
deci, centi, and milli, derived from the Latin, are employed. In this case the 
integer is supposed to be divided by 10, 100, or 1000. 

Various plans have been devised for converting the French weights and 
measures into their English equivalents. The following Tables will be found 
useful for this purpose : — 



BAHOMETRICAL EQUIVALENTS. 
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MEASURES OF LENGTH, 



MEASURES OF TOLUME. 





English inches. 






Cubic inches. 


Millimetre 


. = -03937 Millilitre . 


, = -06103 


Centimetre 


= -39371 ( 


CJentilitre . 


. = -61028 


Decimetre 


= 3-93708 Decilitre . 


. = 6-1028 


Metre . . 


= 39-37079 


Liitre . . 


. == 61-028 


Decametre . 


= 393-70788 


Decalitre . 


. = 610-28 


Hectometre . 


= 3937-0788 


Hectolitre 


. = 6102-8 


Kilometre 


= 39370-788 Kilolitre . 


. = 61028- 


Myriametre , 


= 393707-88 Myrialitre 

MEASURES OF WEIGHT. 


. = 610280- 








English grains. 


Mill] 


gramme , « . , 


. = 


•0154 


Cent 


i gramme 






= 


•1543 


Deci 


gramme . 






. = 


1-5434 


Grai 


nme 






, = 


15-434 


Decf 


igramme 






= 


154-34 


Heoi 


.ogramme 






, = 


1543-4 


Kilo 


gramme . 






. == 


15434- 


Myr 


lagramme 






== 


154340- 



A kilogramme is equal to 2*2046 pounds Avoirdupois, and 1000 kilo* 
grammes are equal to an English ton. The quintal, or 50 kilogrammes, is 
equal to the English cwt. With respect to the equivalents of French and 
English weights and measures, some slight differences will be found among 
English writers. These arise from the calculations being based on the 
employment of a larger or smaller number of decimal figures. 

Surfaces and Capacities. — Surface of a Sphere: diameter squared x 
3*141593. Capacity of a Sphere: diameter cubed X 0'5236. Area of a 
Circle: diameter squared X 0*785938. Area of Rectangle, Square, Rhom- 
bus, and Rhomboid : base X by the height. Capacity of the Prism or Cy- 
linder. (Rule for calculating the capacities of cylindrical vessels used for 
Gases :) area of the base X by height. 

Barometric Scale in Millimetres and Inches. 

In foreign scientific works, the barometrical pressure, whether for meteo- 
rological or other scientific purposes, is represented in millimetres. The 
subjoined Table gives the corresponding equivalents in English inches : the 
pressure to which gases are submitted, may be thus easily ascertained with- 
out resorting to calculation : 762 mm = 30 inches mean pressure. 



6^0 SCALES OF FAHRENHEIT, CENTIGRADE, AND REAUMUR. 



Mm. 




In. 


Mm. 




In. 


Mm. 




In. 


700 


= 


27-560 


730 


r — 


28-741 


760 


==: 


29-922 


701 


= 


27-590 


731 


= 


28-780 


761 


= 


29-961 


702 


== 


27-638 


732 


= 


28-819 


*762 


=: 


*30-000 


703 


= 


27-678 


733 


= 


28-859 


763 


= 


30-040 


704 


= 


27-717 


734 


== 


28-898 


764 





30-079 


705 


= 


27-756 


735 


= 


28-938 


765 


= 


30-119 


706 


= 


27-795 


736 


= 


28-977 


766 


= 


30-158 


707 


= 


27-835 


737 


= 


29-016 


767 


== 


30-197 


708 


= 


27*876 


738 


= 


29-056 


768 


= 


30-237 


709 


= 


27-914 


739 


= 


29-095 


769 


= 


30-276 


710 


= 


27-953 


740 


== 


29-134 


770 


-_ 


30-315 


711 


= 


27-992 


741 


= 


29-174 


771 


= 


30-355 


712 


= 


28-032 


742 


= 


29-213 


772 


== 


30-384 


713 


= 


28-071 


743 


= 


29-252 


773 


= 


30-434 


714 


= 


28-111 


744 


= 


29-292 


774 


= 


30-473 


715 


= 


28-150 


745 


= 


29-331 


775 


=. 


30-512 


716 


= 


28-189 


746 


■ — 


29-371 


776 


2= 


30-552 


717 


— 


28-229 


747 


==r 


29-410 


777 





30-591 


718 


= 


28-268 


748 


= 


29-449 


778 


: — 


30-631 


719 


= 


28-308 


749 


= 


29-489 


779 


= 


. 30-670 


720 


-__ 


28-347 


750 


^^ 


29-528 


780 


-_ 


30-709 


721 


== 


28-386 


751 


= 


29-567 


781 


= 


30-749 


722 


= 


28-426 


752 


= 


29-607 


782 


== 


30-788 


723 


= 


28-465 


753 


= 


29-646 


783 


= 


30-827 


724 


= 


28-504 


754 


= 


29-685 


784 


= 


30-867 


725 


= 


28-543 


755 


= 


29-725 


785 


= 


30-906 


726 


= 


28-583 


756 


= 


29-764 


786 


= 


30-945 


727 


== 


28-622 


757 


= 


29-804 


787 


= 


30-985 


728 


= 


28-661 


758 


= 


29-843 


788 


= 


31-024 


729 


= 


28-701 


759 


= 


29-882 


789 


= 


31-063 



Thermometrical Equivalents. 

Rules for converting Degrees of FahrenheiV s , Centigrade j and Reaumur'' s 
Thermometers into each other. 
The space between the two fixed points of temperature — namely, the 
freezing and boiling of water, is divided by Fahrenheit into 180°, by Centi- 
grade into 100^, and by Reaumur into 80° : — 

i^8_o = 9. ].^o_o = 5. |o =3 4 : therefore 9 F. represents 5 C. and 4 R. 
5x1-8 = 9) twefore C. X I'S = P. 

The zero of C. and of R. is at the freezing of water : the zero of F. is 32^ 
F. below the zero of C. and of R. 

Therefore — 1. For temperatures above the zero of C. (82° F.) 

jRw/e. Examples, 

F. __32 -i. l.8==C 40OF. — 32 (= 8) ~ 1-8== 40-44 C. 

C. X 1*8 -I- 32 = F. ... 40-44 C. X l-8(= 8) + 32 = 40O F. 

2. For temperatures helow the zero of C. (32°), but not below the zero of 
F. (—170-7 C.) 

Rule, Examples, 

F. ~ 32 -f- 1-8 = C. . 20O F. ~ 32 (= 12) -- 1-8 = — 60O-66 C. 
— C, X 1*8 - 32 = F. . , 60-66 C. x 1*8 (= 12) ~ 32 = 20 F. 

3. For temperatures helow the zero of F. ( — 17*^. 7 C.) 

Rule. Examples, 

— F. + 32 -T- 1-8 = — C. , . 20O F. + 32 (=52) -j- 1-8 = —280-8 C, 
— C. X 1-8 ~ 32 = — F. . . 280-8 C. x 1*8 (rz52) — 32 = — 290 F, 



THERMOMETRICAL EQUIVALENTS. 



en 



To convert Fahrenheit and Reaumur into each other, use the above rules, 
^nly substituting for 0. 1-8, R. 2'5. \%^ = 2'b. 

As the Centigrade thermometer is employed by all French and German 
writers on Chemistry, we subjoin for convenient reference a Table of the 
equivalent degrees of Centigrade and Fahrenheit between the freezing and 
the boiling points of mercury. 



Cent. Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


„40o _40-0° 


16°... 


60-8° 


72°.. 


161-6° 


128° .. 


262-4° 


184° .. 


363-2° 


—39 —38-2 


17 ... 


62-6 


73 ... 


163-4 


129 .. 


264-2 


185 .. 


365-0 


—38 — 36-4 


18 ... 


64-4 


74 ... 


165-2 


130 .. 


266-0 


186 .. 


366-8 


—37 —34-6 


19 ... 


66-2 


75 ... 


167-0 


131 .. 


267-8 


187 .. 


368-6 


—36 —32-8 


20 ... 


68-0 


76 ... 


168-8 


132 .. 


269-6 


188 .. 


370-4 


__35 —30-0 


21 ... 


69-8 


77 .. 


170-6 


133 .. 


271-4 


189 .. 


372-2 


„34 —29-2 


22 ... 


71-6 


78 .. 


172-4 


134 .. 


273-2 


190 .. 


374-0 


—33 —27-4 


23 ... 


73-4 


79 .. 


174-2 


135 .. 


. 275-0 


191 .. 


. 375-8- 


—32 —25-6 


24 .. 


75-2 


80 .. 


176-0 


136 .. 


. 276-8 


192 .. 


. 377-6 


— Bl —23-8 


25 .. 


77-0 


81 .. 


. 177-8 


137 .. 


. 278-6 


193 .. 


. 379-4 


—30 —22-0 


26 .. 


78-8 


82 .. 


. 179-6 


138 .. 


. 280-4 


194 .. 


. 381-2 


—29 —20-2 


27 .. 


80-6 


83 .. 


. 181-4 


139 .. 


. 282-2 


195 .. 


. 383-0 


—28 — 18'4 


28 .. 


82-4 


84 .. 


. 183-2 


140 .. 


. 284-0 


196 .. 


. 384-8 


—27 —16-6 


29 .. 


84-2 


85 .. 


. 185-0 


141 .. 


. 285-8 


197 .. 


. 386-6 


_26 — 14-8 


30 .. 


86-0 


86 .. 


. 186-8 


142 .. 


. 287-6 


198 .. 


. 388-4 


—25 —13-0 


31 .. 


87-8 


87 .. 


. 188-6 


143 .. 


. 289-4 


199 .. 


. 390-2 


—24 —11-2 


32 .. 


89-6 


88 .. 


. 190-4 


144 .. 


. 291-2 


200 .. 


. 392-0 


—23 — 9-4 


33 .. 


91-4 


89 .. 


. 192-2 


145 .. 


. 293-0 


201 .. 


. 393-8 


—22 — 7-6 


34 .. 


. 93-2 


90 .. 


. 194-0 


146 .. 


. 294-8 


202 .. 


. 395-6 


—21 — 5-8 


35 .. 


. 95-0 


91 .. 


. 195-8 


147 .. 


. 296-6 


203 .. 


. 397-4 


—20 — 4-0 


36 .. 


. 96-8 


92 .. 


. 197-6 


148 .. 


. 298-4 


204 .. 


. 339-2 


—19 — 2-2 


37 .. 


. 98-6 


93 .. 


. 199-4 


149 .. 


. 300-2 


205 .. 


. 401-0 


—18 — 0-4 


38 .. 


. 100-4 


94 . 


. 201-2 


150 .. 


. 302-0 


206 .. 


. 402-8 


—17 + 1-4 


39 .. 


. 102-2 


95 . 


. 203-0 


151 . 


. 303-8 


207 .. 


. 404-6 


—16 ... 3-2 


40 .. 


. 104-0 


96 . 


. 204-8 


152 . 


. 305-6 


208 . 


. 406-4 


—15 ... 5-0 


41 .. 


. 105-8 


97 . 


. 206-6 


153 . 


. 307-4 


209 , 


. 408-2 


—14 ... 6-8 


42 .. 


. 107-6 


98 . 


. 208-4 


154 . 


. 309-2 


210 . 


. 410-0 


—13 ... 8-6 


43 .. 


. 109-4 


99 . 


. 210-2 


155 . 


. 311-0 


211 . 


. 411-8 


—12 ... 10-4 


44 .. 


. 111-2 


100 . 


. 212-0 


156 . 


.. 312-8 


212 . 


. 413-6 


—11 ... 12-2 


45 „ 


. 113-0 


101 . 


.. 213-8 


157 . 


.. 314-6 


213 . 


. 415-4 


—10 ... 14-0 


46 . 


. 114-8 


102 . 


.. 215-6 


158 . 


.. 316-4 


214 . 


.. 417-2 


^ 9 ... 15-8 


47 . 


. 116-6 


103 . 


.. 217-4 


159 . 


.. 318-2 


215 . 


. 419-0 


— 8 ... 17-6 


48 . 


. 118-4 


104 . 


.. 219-2 


160 . 


.. 320-0 


216 . 


.. 420-8 


— 7 ... 19'4 


49 . 


. 120-2 


105 . 


.. 221-0 


161 . 


.. 321-8 


217 . 


.. 422-6 


— 6 ... 21-2 


- 50 . 


. 122-0 


106 . 


.. 222-8 


162 . 


.. 323-6 


218 . 


.. 424-4 


— 5 ... 23-0 


51 . 


.. 123-8 


107 . 


.. 224-6 


163 . 


.. 325-4 


219 . 


.. 426-2 


— 4 ... 24-8 


52 . 


.. 125-6 


108 . 


.. 226-4 


164 . 


.. 327-2 


220 . 


.. 428-0 


— 3 ... 2G-6 


53 . 


.. 127-4 


109 . 


.. 228-2 


165 . 


.. 329-0 


221 . 


.. 429-8 


— 2 ... 28-4 


54 . 


.. 129-2 


110 . 


.. 230-0 


166 . 


.. 330-8 


222 . 


.. 431-6 


—.1 ... 30-2 


55 . 


.. 131-0 


Ill . 


.. 231-8 


167 . 


.. 332-6 


223 . 


.. 433-4 


... 32-0 


56 . 


.. 132-8 


112 . 


.. 233-6 


168 . 


.. 334-4 


224 . 


.. 435-2 


+ 1 ... 33-8 


57 . 


.. 134-6 


113 . 


.. 235-4 


169 . 


.. 336-2 


225 . 


.. 437-0 


2 ;.. 35-6 


58 . 


.. 136-4 


114 . 


.. 237-2 


170 


.. 338-0 


226 . 


.. 438-8 


3 ... 37-4 


59 . 


.. 138-2 


115 


.. 239-0 


171 


.. 339-8 


227 


.. 440-6 


4 ... 39-2 


60 . 


.. 140-0 


116 


.. 240-8 


172 


.. 341-6 


228 


.. 442-4 


5 ... 41-0 


61 . 


. 141-8 


117 


.. 242-6 


173 


.. 343-4 


229 


.. 444-2 


6 ... 42-8 


62 . 


.. 143-6 


118 


.. 244-4 


174 


.. 345-2 


230 


.. 446-0 


7 ... 44-6 


63 . 


.. 145-4 


119 


.. 246-2 


175 


... 347-0 


231 


.. 447-8 


8 ... 46-4 


64 . 


.. 147-2 


120 


.. 248-0 


176 


... 348-8 


232 


.. 449-6 


9 ... 48-2 


65 . 


.. 149-0 


121 


.. 249-8 


177 


.. 350-6 


233 


.. 451-4 


10 ... 50-0 


6Q 


.. 150-8 


122 


... 251-6 


178 


... 352-4 


234 


... 453-2 


11 ... 51-8 


67 


.. 152-6 


123 


... 253-4 


179 


... 354-2 


235 


... 455-0 


12 ... 53-6 


68 


.. 154-4 


124 


... 255-2 


180 


... 356-0 


236 


.. 456-8 


13 ... 55-4 


69 


.. 156-2 


125 


... 257-0 


181 


... 357-8 


237 


... 458-6 


14 ... 57-2 


70 


.. 158-0 


126 


... 258-8 


182 


... 359-6 1 238 


... 460-4 


15 ... 59-0 


71 


.. 159-8 


127 


... 260-6 


183 


... 361-4 


1 239 


... 462-2 
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CHANGES OF VOLUME IN GASES BY PRESSURE. 



3ent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


240°. 


. 464-0° 


265°. 


. 509-0° 


290°. 


. 554-0° 


315°. 


. 599-0° 


340°.. 


. 644-0° 


241 .. 


. 465-8 


266 .. 


. 510-8 


291 .. 


. 555-8 


316 .. 


. 600-8 


341 .. 


. 645-8 


242 .. 


. 467-6 


267 . 


. 512-6 


292 .. 


. 557-6 


317 .. 


. 602-6 


342 .. 


. 647-6 


243 .. 


. 469-4 


268 . 


. 514-4 


293 .. 


. 559-4 


318 .. 


. 604-4 


343 .. 


. 649-4 


244 .. 


. 471-2 


269 . 


. 516-2 


294 . 


. 561-2 


319 .. 


. 606-2 


344 .. 


. 651-2 


245 .. 


. 473-0 


270 . 


. 518-0 


295 . 


. 563-0 


320 . 


. 608-0 


345 . 


. 653-0 


246 .. 


. 474-8 


271 . 


. 519-8 


296 . 


. 564-8 


321 . 


. 609-8 


346 . 


. 654-8 


247 .. 


. 476-6 


272 . 


. 521-6 


297 . 


. 566-6 


322 . 


. 611-6 


347 . 


. 656-6 


248 .. 


. 478-4 


273 . 


. 523-4 


298 . 


. 568-4 


323 . 


. 613-4 


348 . 


. 658-4 


249 . 


. 480-2 


274 . 


. 525-2 


299 . 


. 670-2 


324 . 


. 615-2 


349 . 


. 660-2 


250 . 


. 482-0 


275 . 


. 527-0 


300 . 


. 572-0 


325-. 


. 617-0 


350 . 


. 662-0 


251 . 


. 483-8 


276 . 


. 528-8 


301 . 


. 573-8 


326 . 


. 618-8 


351 . 


. 663-8 


252 . 


. 485-6 


277 . 


. 530-6 


302 . 


. 575-6 


327 . 


. 620-6 


352 . 


. 665-6 


253 . 


. 487-4 


278 . 


. 532-4 


303 . 


. 577-4 


328 . 


. 622-4 


353 . 


.. 667-4 


254 . 


. 489-2 


279 . 


. 534-2 


304 . 


. 579-2 


329 . 


.. 624-2 


354 . 


.. 669-2 


255 . 


. 491-0 


280 . 


. 536-0 


305 . 


. 581-0 


330 . 


.. 626-0 


355 . 


.. 671-0 


256 . 


. 492-8 


281 . 


. 537-8 


306 . 


. 582-8 


331 . 


.. 627-8 


356 . 


.. 672-8 


257 . 


. 494-6 


282 . 


. 539-6 


307 . 


. 584-6 


332 . 


.. 629-6 


357 . 


.. 674-6 


258 . 


. 496-4 


283 . 


. 541-4 


308 . 


. 586-4 


333 . 


.. 631-4 


358 . 


.. 676-4 


259 . 


. 498-2 


284 . 


.543-2 


309 . 


. 588-2 


334 . 


.. 633-2 


359 . 


.. 678-2 


260 . 


. 500-0 


285 . 


. 545-0 


310 . 


. 590-0 


335 . 


.. 635-0 


360 . 


.. 680.0 


261 . 


. 501-8 


286 . 


. 546-8 


311 . 


. 591-8 


336 . 


.. 636-8 






262 . 


, 503-6 


287 . 


.. 548-6 


312 . 


.. 593-6 


337 . 


.. 638-6 






263^ . 


. 505-4 


288 . 


.. 550-4 


313 . 


.. 595-4 


338 . 


.. 640-4 






264 . 


.. 507-2 


289 . 


.. 552-2 


314 . 


.. 597-2 


339 . 


.. 642-2 







RULE FOR CALCULATING CHANGES OF VOLUME IN GASES BY PRESSURE. 

The mean height of the barometer is to the observed height as the ob- 
served volume to the volume required, or the mean pressure (30 inches) is to 
the observed pressure. Hence, assuming 100 cubic inches of gas to be at 28 
inches pressure : required the volume at 30 inches pressure. 



Mean pr. 
30 



Obs. pr. 
28 



Observed volume. 
100 



Required volume. 
93.33 



Thus 100 cubic inches are condensed to 93-33 cubic inches by the baro- 
meter rising two inches, from 28 to 30. The increase of pressure is l-15th, 
and the diminution of volume is in the same proportion. 

The increase in the weight of 100 cubic inches of gas at different pressures, 
may be determined by the following rule : if 100 cubic inches of gas weigh 
30 grains, when the barometer is at 29 inches— required the weight at 30 
inches. 

Obs. pr. Mean pr. Observed weight. Required weight. 

29 : 30 :: 30 : 31-03 

The pressure to which a gas, standing over mercury, is submitted, is indi- 
cated by the height of the barometer, when the mercury on the inside and 
outside of the vessel has the same level ; but if the mercury on the inside be 
higher than on the outside, the difference in inches must be deducted from 
the height of the barometer, in order to obtain the exact pressure to which 
the gas is subjected. 

RULE FOR CALCULATING CHANGES OF YOLUME IN GASES BY TEMPERATURE. 

According to the researches of Gay-Lussan, 1000 volumes of air at 32^ 
are increased to 1375 volumes at 212^. Hence the increase is |||, or 2*08, 
for each degree between 32^ and 212° : and 1000-^2-08 = 480. Hence the 
increase for each degree, is equal to 1 -480th part of the volume at 32° ; or, 
assuming that the volume of gas at this temperature is 480 cubic inches, 
there will be an addition of one cubic inch for every degree of increase in 
temperature up to 212^. By taking this as the proportionate increase at 
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any two temperatures, it will be easy to calculate the change of volume for 
any other temperature. The mean temperature is taken at 60°, and 480 
cubic inches at this temperature would become (60 — 32 + 480) 508 cubic 
inches. If the observed temperature be 70*^, then 480 cubic inches at this 
temperature would be (70 — 32+480) 618 cubic inches. The number 32 is 
deducted from the temperatures because it is from this degree (32°) that the 
rate of expansion, on which the calculation is based, commences. It is 
obvious that it matters not whether the number 32 is deducted from the two 
temperatures, or from the number 480, as the sum will be the same in the 
two cases ; but it makes this important difference in the calculation, that 
480 — 32=448 furnishes a co?25^a?2^, which needs only to be added to each 
temperature, in order to produce the proportionate numbers. This constant 
is easily remembered, by the fact that the last figure of the three is produced 
by the addition of the two figures that precede it, each being equal to one 
half of the sum. 

The rule for correction is, therefore, as follows : The increase at the 
observed temperature (70°) is to the increase at the mean temperature (60°) 
as the observed volume of gas (100 cubic inches) to the volume required, or 

Obs. temp.. Meau temp. Obs. vol. Eequired vol. 

448 + 70° : 448 + 60O : : 100 : 98-069 

Thus 100 cubic inches of gas at 70° are reduced in volume to 98*069 
cubic inches by cooling 10°, ^. e. from 70° to 60° The rule may be repre- 
sented under the following simple equation : — 

448 + t' X V t' Mean temperature. 

, = X t Observed temperature. 

448 + t V Observed volume. 

100 cubic inches at 40°. Required the volume at 60°. Answer: 448 + 
60xl00-^448 + 40==104-l. 

With an alteration in volume there is an alteration in weighty and thus the 
difference at any two temperatures may be found by the following rule, in 
which observed weight is substituted for observed volume ; Thus 100 cubic 
inches of air weigh 31 grains at 60°. Required the weight at 212°. 

Obs. temp. Mean temp. Grs. obs. weiglit. Required weight. 

448 + 2120 : 448 + 60 : : 31 : 23-86 

AQUEOUS VAPOR IN GASES. 

The subjoined Table represents the proportion hy volume of aqueous vapor 
which exists in any gas, standing in contact with water at the corresponding 
temperatures and a mean barometric pressure. This must be deducted from 
the measured volume in order to determine the actual volume of any gas. 
(Faraday.) 



Temp. 


A. V. by vol. 


Temp. 


A. V. by vol. 


Temp. 


A. V. by vol 


40O . 


•00933 


540 . 


•01533 


680 . 


•02406 


41 


•00973 


55 


•01585 


69 


•02483 


42 


•01013 


56 


•01640 


70 . 


•02566 


43 


•01053 


57 


•01693 


71 


•02653 


44 


•01093 


58 


•01753 


72 


•02740 


45 


•01133 


59 


•01810 


73 


•02830 


46 


•01173 


60 


•01866 


74 


•02923 


47 


•01213 


61 


•01923 


75 


•03020 


48 


•01253 


62 


•01980 


76 


•03120 


49 


•01293 


63 


•02050 


77 


: -03220 


50 


•01333 


64 


•02120 


78 


•03323 


51 


•01380 


65 


•02190 


79 


•03423 


52 


•01426 


^Q 


•02260 


80 


•03533 


53 


•01480 


67 


•02330 







43 
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SPECIFIC GRAVITIES. 

All bodies on the surface of the earth, are attracted towards its centre by 
gravitation. The comparative force with which gravitation acts on different 
bodies, is called their relative weight. Equal masses of the same substance 
gravitate equally j that is, have equal weights : but equal masses of different 
substances gravitate unequally ; or, in other words, each species of substance 
has its own peculiar force of gravitation. Specijie gravity, therefore, is the 
relative gravitating power (or weight) of equal volumes of different sub- 
statices. 

In determining specific gravities, two processes are necessary : first, that 
the substances compared should be reduced to equal volumes ; secondly, 
that the comparative weight of these equal volumes should be found. 

Specific Gravity of Liquids. — All liquids are easily reduced to equal 
volumes by filling the same bottle at the same temperature successively with 
each of them, and weighing it when so filled. These different weights, 
minus that of the bottle, are the comparative specific gravities of the liquids 
experimented on. The specific gravity of water, is the unit to which that of. 
all liquids and solids is adjusted. The volume of liquids varies with their 
temperature, and that of 62° F. is generally adopted in this country as the 
standard. 

Light glass bottles with perforated stoppers are sold, with a counterpoise, 
for the purpose of taking the specific gravities of liquids and small solids. 
They are so made that when counterpoised at 62°, they are calculated to hold 
from 100 to 1000 grains of pure (distilled) water. The specific gravity of a 
liquid is then at once determined by its weight. Thus the 1000-grain bottle 
would hold 196 grains of absolute alcohol (0*196), and 1846 grains of con= 
centrated sulphuric acid (1-846). In delicate experiments it is always advisa- 
ble to take the exact weight of water which the counterpoised bottle will 
hold ; as slight differences in the volume, and therefore in the weight of 
water, arise from fluctuations in temperature. Thus, according to the tem- 
perature, the bottle will sometimes hold more and sometimes less than 1000 
grains. 

In pathological researches, it is occasionally required to take the sp. gr. 
of a very small quantity of liquid. A light glass tube about three inches 
long, and about three-eighths of an inch in diameter, may be employed for 
this purpose. It may be fixed in a hole in a cork, and accurately balanced. 
It should be marked in horizontal lines, at different levels, by a diamond ; 
and the weight of distilled water at any one of these levels being ascertained, 
the weight of the liquid at the same level may be afterwards determined. 
The two weights will, by the rule of proportion, give the specific gravity. 

Baume's hydrometer is much used on the Continent. We subjoin a Table, 
in which the degrees of this hydrometer are compared with the ordinary 
range of the specific gravities of liquids. 



baume's and twaddell's hydrometees. 
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FOR LIQUIDS HEAVIER THAN WATER. 



Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


. 


.. 1-000 


20 . 


. 1-152 


40 . 


. 1-357 


60 . 


.. 1-652 


1 . 


.. 1-007 


21 . 


. 1-160 


41 . 


. 1-369 


61 . 


.. 1-670 


2 . 


.. 1-013 


22 . 


. 1-169 


42 . 


. 1-381 


62 . 


.. 1-689 


3 . 


.. 1-020 . 


23 . 


. 1-178 


43 . 


. 1-395 


63 . 


.. 1-708 


4 . 


.. 1-027 


24 . 


. 1-188 


44 . 


. 1-407 


64 . 


.. 1-727 


5 , 


.. 1-034 


25 . 


. 1-197 


45 . 


. 1-420 


65. . 


.. 1-747 


6 , 


.. 1-041 


26 . 


. 1-206 


46 . 


. 1-434 


66 . 


.* 1-767 


7 . 


.. 1-048 


27 . 


. 1-216 


47 . 


. 1-448 


67 . 


.. 1-788 


8 . 


.. 1-056 


28 . 


. 1-225 


48 . 


. 1-462 


68 . 


.. 1-809 


9 . 


.. 1-063 


29 . 


. 1-235 


49 . 


. 1-476 


69 . 


.. 1-831 


10 . 


.. 1-070 


30 . 


. 1-245 


50 . 


. 1-490 


70 . 


.. 1-854 


11 . 


.. 1-078 


31 . 


. 1-256 


51 . 


.. 1-505 


71 . 


.. 1-877 


12 . 


.. 1-085 


32 . 


. 1-267 


52 . 


. 1-520 


72 . 


.. 1-900 


13 . 


.. 1-094 


33 . 


. 1-277 


53 . 


.. 1-535 


73 . 


.. 1-924 


14 . 


.. 1-101 


34 . 


. 1-288 


54 . 


.. 1-551 


74 . 


.. 1-949 


15 . 


.. 1-109 


35 . 


. 1-299 


55 . 


.. 1-567 


75 . 


.. 1-974 


16 . 


.. 1-118 


36 . 


. 1-310 


56 . 


.. 1-583 


76 . 


.. 2-000 


17 . 


.. 1426 


37 . 


. 1-321 


57 . 


.. 1-600 






18 . 


.. 1-134 


38 . 


. 1-333 


58 . 


.. 1-617 






19 . 


.. 1-143 


39 . 


.. 1-345 


59 . 


.. 1-634 










FOR LIQUIDS LIGH^ 


PER THAN 


WATER. 






Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


Degrees 


Sp. gravity. 


Degrees. 


Sp. gravity 


10 . 


.. 1-000 


23 . 


.. 0-918 


36 . 


.. 0-849 


49 


.. 0-789 


11 . 


.. 0-993 


24 . 


.. 0-913 


37 . 


.. 0-844 


50 


.. 0-785 


12 . 


.. 0-986 


25 . 


.. 0-907 


38 , 


.. 0-839 


51 


.. 0-781 


13 . 


.. 0-980 


26 . 


.. 0-901 


39 . 


.. 0-834 


52 


.. 0-777 


14 . 


.. 0-973 


27 . 


.. 0-896 


40 . 


.. 0-830 


53 


.. 0-773 


15 . 


.. 0-967 


28 . 


.. 0-890 


41 . 


.. 0-825 


54 


.. 0-768 


16 . 


.. 0-960 


29 . 


.. 0-885 


42 . 


.. 0-820 


55 


.. 0-764 


17 


.. 0-954 


30 . 


.. 0-880 


43 . 


.. 0-816 


56 


.. 0-760 


18 


.. 0-948 


31 . 


.. 0-874 


44 . 


.. 0-811 


57 


.. 0-757 


19 


.. 0-942 


32 . 


.. 0-869 


45 . 


.. 0-807 


58 


.. 0-753 


20 . 


.. 0-936 


33 . 


.. 0-864 


46 . 


.. 0-802 


59 


.. 0-749 


21 


.. 0-930 


34 . 


.. 0-859 


47 . 


.. 0-798 


60 


.. 0-745 


22 


.. 0-924 


35 . 


.. 0'854 


48 . 


.. 0-794 


61 


.. 0-741 



Twaddell's hydrometer is employed by English Chemical manufacturers. 
The degrees on Twaddell, are readily converted into equivalent specific 
gravities, by multiplying them by 5, and adding 1000. Thus 8^ Twaddell, 
8x5=40 + 1000==1040. We subjoin a Table of their equivalents. 



Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


Degrees. 


Sp. gravity. 


1 . 


.. 1-005 


8 . 


. 1-040 


15 . 


.. 1-075 


22 . 


.. 1-110 


2 . 


.. 1-010 


9 . 


. 1-045 


16 . 


.. 1-080 


23 . 


.. 1-115 


3 . 


.. 1-015 


10 . 


. 1-050 


17 . 


. 1-085 


24 . 


.. 1-120 


4 . 


.. 1-020 


11 . 


. 1-055 


18 . 


.. 1-090 


25 . 


.. 1-125 


5 . 


.. 1-025 


12 . 


. 1-060 


19 . 


.. 1-095 


26 . 


.. 1-130 


6 . 


.. 1-030 


13 . 


. 1-065 


20 . 


.. 1-100 


27 . 


.. 1-135 


7 . 


.. 1-035 


14 . 


. 1.070 


21 . 


.. 1-105 


28 . 


.. 1-140 



Specific Gravity of Powders or Small Solids. — The sp. gr. of solids 
in powder or in small pieces may also be conveniently determined by a bottle. 
Thus : weigh the powder, pour it into the bottle, and fill it with water at 
62^ E., taking care to dislodge all adhering bubbles of air. Then weigh it 
and deduct the known weight of the bottle : the remainder is the conjoint 
weight of the powder and water. Deduct from this last sum the found 
weight of the powder, and the difference is the weight of the water ; deduct 
this difference from the known weight of water, required to fill the bottle, 
and the remainder is the weight of a volume of water, equal to the volume 
of the solid in powder ; then, as this is to the known weight of water, required 
to fill the bottle : : sp. gr, water : sp. gr. powder. 
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We subjoin an example in reference to native platinum in grains : 

Grains. 
Weight of water in the bottle «... 1000 
Weight of native platinum grains (in air) « , 40 



1040 
Weight of water and platinum in bottle o , 1037*5 



Difference = vol. of water displaced . . . 2*5 

40 -r- 2-5 = 16 sp. gr. of native platinum. 

The sp. gr. of mercury, or any liquid or solid, not dissolved by water, mtij 
be obtained by the same rule. When the substance is soluble in water^, 
another liquid of known sp. gr., which does not act upon the solid, must be 
employed. Alcohol, oil of turpentine, or olive oil, may be used, or, in some 
cases, the substance may be coated with varnish. Assuming that the sp. gr. of 
sugar is required, and the liquid selected is oil of turpentine, sp. gr. O'StO; 
the sugar is first weighed in air, and then in the oil ; the difference gives the 
weight of an equal bulk of the oil ; then, if the weight of the sugar in air 
be 400 grains, and its weight in oil of turpentine 182*5, the weight of an 
equalbulkoftheoil,willbe400— 182-5-=2n'5. Then 0-8t0 : 1000 i i 211 '5 
I 250, and 400-^250 = 1*6, which is the sp. gr. of the sugar. 

Specific Gravity of Solids Heavier than Water. — Weigh the solid 
in air, then suspend it by a fine thread to one arm of a balance ; exactly 
counterpoise it, and immerse the solid so counterpoised in distilled water at 
62^ F., and note how much less it weighs now, than when weighed in air. 
The difference between the two, is the weight, of a volume of water, exactly 
equal to that of the immersed solid. Divide the weight of the solid in air 
by this difference, and the result, is the sp. gr. of the solid. Thus in yq- 
ference to a small bar of aluminum: — 

Grains. 
WeigM of aluminum in air . „ , » . 46*3 
Weight of aluminum in water » . . .29*0 

Difference == volume of water . . , .17*3 
46-3 -r- 17*3 = 2'6 sp. gr. of aluminum. 

A portion of bone in air, weighed 90*6 grains: in water 45-6. Differ- 
ence=45 grains; and 90*6-^45 = 2-01 sp. gr. ofhone. A portion of muscle 
weighed in air, 91*2 grains: in water 7'2 grains. Difference=84 grains; 
and 91*2 -7-84=1 '085 sp. gr. of muscle. 

A knowledge of the specific gravity of solids, enables a chemist to deter- 
mine the weight of bodies from their volume. A cubic foot of water con- 
tains 1728 cubic inches, and weighs 1000 ounces (strictly, 998 ounces or 
62*4 pounds Av.); hence a cubic foot of sulphur (sp. gr. 1*957) would 
weigh 1957 ounces, and a cubic foot of marble (sp. gr. 2*5) would weigh 
2500 ounces. A cubic foot of ice weighs 937*6 ounces, or 58*6 pounds Av. ; 
a cubic foot of air weighs 535*161 grains. 

Specific Gravity op Solids Lighter than Water.— 1. Find the weight 
of the solid (a) in air. 2. Take a piece of metal heavy enough to make a 
sink in water, and find its weight in air and in water. 3. Tie together a and 
the metal, and find the weight of the compound mass in water. The differ- 
ence between the weight of the metal in air and in water, is the weight of a 
volume of water, equal to that of the metal; deduct this from the difference 
between the weights in air and in water of the compound mass, and the 
remainder is the weight of a volume of water equal to a. We divide the 
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¥7eight of a by the remainder, and obtain the sp, gr. 
to beef-fat:— 

Weight of ttie fat in air 
Add brass weight to sink it a 

Weight of compound mass in air , 

Loss of weight by the compound mass in water 
" brass weight (1000) " 



Thus with reference 

Grains. 

o 117-3 

, 1000-0 



1117-3 

Grains. 
245-5 
119-4 



Weight of the water displaced by the fat . . 126-1 
Hence 117-3 — 126-1 = 0-930 sp. gr. of beef-fat. 

Specific Gravity of G-ases..^ — The principles are the same as those above 
described for determining the specific gravity of solids and liquids. The 
weighing of the air and gas, should take place at the same temperature and 
pressure, or a calculation should be made according to the rules already 
given (p. 672). In reference to Gases and Yapors, air is taken as the 
standard of unity (pp. 7t and 680). 

Gases. — A light glass flask, of about 40 or 50 e. i. capacity, is employed. 
This is capable of being screwed to the air-pump plate, and of being sus- 
pended to a scale-beam and accurately balanced. The flask is exhausted, 
balanced, filled with dry air, and again balanced. The increase in weight 
represents the weight of the volume of dry air in the flask, at the pressure 
and temperature, at which it was filled. The experiment is repeated with 
the dry gas, the sp. gr. of which it is proposed to determine. The following 
is an example of the sp. gr. of Carbonic acid:— 

Grains, 
. 2033-8 



Weight of the flask with dry air , 
Weight of the flask exhausted . 

Weight of dry air in the flask 

Weight of the flask with dry carbonic acid 
Weight of flask exhausted 



2021-4 

12-4 

Grains. 

2040.24 

2021-40 



Weight of dry carbonic acid in flask . . . 18-84 
Hence 18-84 -— 12-4 = 1-520 sp. gr. of carbonic acid. 

When the sp. gr. of a gas has been ascertained, the weight of 100 cubic 
inches is determined by multiplying the sp. gr. of the gas by the weight of 
100 cubic inches of air =31 grains (pp. 145 and 680). Thus, 100 cubic 
inches of dry carbonic acid, are found by experiment to weigh 47*08 grains, 
and its sp. gr. (l-520x31=47-l) gives 47*1 grains for the weight of 100 
cubic inches, calculated by this rule. Conversely, when we have ascertained 
the weight of 100 cubic inches of a gas, we can determine its sp. gr. by 
dividing this weight by 31. Thus 47'l-^31=l-520. The sp. gr. of a gas, 
of which the atomic weight is known, may also be determined, by multiplying 
the atomic weight by the sp. gr. of hydrogen. Thus the atomic weight of 
carbonic acid is 22, and 22x •0691 = 1-5202, the sp. gr. of carbonic acid. 
On the other hand, if the sp. gr. is known, the atomic weight may be de- 
termined by dividing the sp. gr. of the gas, by the sp. gr. of hydrogen, thus 
1-502-^0691=22, the atomic weight of carbonic acid. When however the 
atomic weight of a gas corresponds to 2 volumes then the quotient must be 
divided by 2, to obtain the real sp. gr. Thus in reference to ammonia, the 
atomic weight is 17, and 17 X '0691 = 1-1747. As the atom of ammonia 
corresponds to 2 volumes, then 1*1747-^2= -5873, sp. gr. of ammonia. 

A knowledge of the sp. gr. of gases, enables a chemist to control the 
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results of an analysis of a compound gas. Thus if 2 volumes of ammonia 
consist of 1 volume of nitrogen and 3 volumes of hydrogen, it follows that 
the sum of the specific gravities of its constituents, divided by 2, should 
exactly represent the sp. gr. of the gas. {See p. 168, also p. 680.) 

Specific Gravity of Yapors. — The determination of the sp. gr. of 
vapors is attended with greater practical difficulties, but the principle of the 
operation is the same. We compare the weights of equal volumes of the 
vapor and air under the same temperature and pressure. A thin glass globe 
of about three inches diameter is drawn out at its neck to a narrow tube, sis 
or seven inches long, the point of the tube being cut across with a file, but 
not sealed. The globe is then weighed, and the temperature and pressure at 
the time are observed. In order to introduce the volatile liquid, the globe is 
warmed so as to expel a portion of its air, and the end of the tube is then dipped 
into the liquid. As the globe cools, the air within contracts, and the liquid 
is forced into it by atmospheric pressure. When a sufficient quantity (from 
100 to 150 grains) of liquid has entered, the globe is firmly Inclosed in a wire 
holder, and immersed in a bath of water, oil, or other medium, heated to 50^ 
or 60° above the boiling-point of the liquid in the globe. Under these 
circumstances, a stream of vapor rushes rapidly through the orifice, carrying 
with it the air of the globe. When this ceases, the point of the tube is 
sealed by a blowpipe flame, the temperature of the bath being observed at 
the same moment. The globe is removed from the bath, and when cool is 
cleaned and weighed. 

The next point to be determined is the capacity of the globe. Eor this 
purpose the neck is broken under the surface of water or mercury, when the 
cold fluid enters the globe and fills it completely, if the operation has been 
properly conducted, and all the air has been expelled by the vapor. By 
pouring out the water or mercury into a graduated vessel, the capacity of 
the globe is accurately ascertained. We thus obtain the data necessary for 
the calculation. 

1. The weight of the globe full of air at the common temperature and 
pressure. 

2. The weight of the globe, and of the vapor filling it at the temperature 
of the bath, and under the same pressure. 

3. The capacity of the globe. Having these results, we obtain by calcu- 
lation — 

4. The weight of the empty globe, 

5. The weight of the vapor filling the globe at the temperature of the 
bath, as well as its volume at this or any other temperature that may be 
required. 

Let it be assumed that the object is to determine the specific gravity of 
the vapor of Chloroform. 1. The weight of the globe full of air at 60^ 
and bar. 30, is found to be 2012*4 grains. 2. The liquid chloroform having 
been introduced into the globe, in the manner described, the globe is main- 
tained at a temperature of 200^ in the bath, until nothing but vapor remains 
in the interior. The aperture of the small tube is then sealed. The globe^ 
when dry, and cooled at 60^, is found to weigh 2040 grains. This gives 
the weight of the globe and vapor together. 3. The capacity of the globe 
is determined by breaking the point of the tube under water. The liquid 
rushes in and entirely fills the vessel. When this liquid is poured into a 
graduated glass, it is found that at 60*^ there are 40 cubic inches ; hence, 40 
cubic inches of air were contained in the globe at common temperature and 
pressure. 4. The weight of this air would be 12*4 grains (100 c. i, : 31 
grs. : : 40 c, i. : 12*4 grs.) : and as the globe and air weighed together 2012 '4 
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grains, then 2012'4 — 12-4=2000 grains, the weight of the empty .globe. 
5. The weight of the vapor filling the globe may now be determined. The 
globe was found to weigh, on cooling, 2040 grains, hence, 2040 — 2000=40 
grains, the weight of the vapor. It is now necessary to determine either 
the weight of air which would fill the globe at the temperature of the bath, 
or the volume of vapor which by calculation would be contained in the globe 
when cooled at 60^. The reduction of the volume by cooling from 200° to 
60° is the more simple process. Thus, 40 cubic inches of vapor at 200° 
would be reduced to 30*78 cubic inches at 60° (648 : 508 : : 40 : 30*78 (p. 
673). Hence, assuming that chloroform vapor was cooled to 60°, and could 
still exist as vapor at that temperature, it is obvious that its specific gravity 
would be determined by ascertaining the weight of 30*78 cubic inches of air 
at the same temperature and pressure. 100 cubic inches of air weigh 31 
grains, hence 100 : 31 : : 30*'78 : 9*54. Hence, at the same temperature, 
60°, 30*78 cubic inches of chloroform would weigh 40 grains, while an equal 
volume of air would weigh only 9*54 grains; and 40-^-9*54=4*19, which is 
nearly the specific gravity of the vapor of chloroform, as determined by 
calculation from its elementary composition. We subjoin a summary of 
these results : — 

Capacity of the globe at 60° = 40 cubic inclies. 

Weight of the globe with dry air = 2012*4 grains. 

Weight of the air by calculation = 12*4 grains. 

Weight of the globe without air = 2000 grains. 

Weight of the globe with chloroform vapor = 2040 grains. 

Weight of the chloroform In vapor = 40 grains. 

40 c. i. of air or vapor at 200°, reduced to 30*78 c. i. at 60°. 

Weight of 30-78 c. i. of air at 60° == 9-54 grains. 

Weight of 30'78 c. i. of chloroform vapor at 60° = 40 grains. 

Hence— 

Wt, of air. Wt. of chlor. v, Sp, gr. air. Sp. gr. chr. v. 

9-54 : 40 :: 1-000 : 4-192 

It may be observed that the ascertained sp. gr. of chloroform-vapor is 
4*20; and the sp. gr. of the vapor calculated from its elementary compo- 
sition, is 4'1805, differences which are comparatively unimportant (p. 518). 

The relations of sp. gr. to weight and volume, are the same with vapors, 
as with gases. In fact, all the conditions which affect gases, equally affect 
vapors, so long as these bodies have a temperature above the boiling-points 
of the liquids which produce them. 

The weight of 100 cubic inches of the vapor of water, may be determined 
from its sp, gr. by the rule already given (p. 671). Thus 0*6129x31 = 
19'27 grains. The sp. gr. of the vapor of arsenic being 10*39, 100 cubic 
inches of this vapor would weigh 322*09 grains (10*39x31). 

A determination of the specific gravity of vapors or of vapor-density, is 
of considerable importance in the analysis of volatile organic liquids. There 
are many liquid hydrocarbons which, so far as centesimal composition is con- 
cerned, yield precisely similar weights of hydrogen and carbon, by the com- 
bustion-tube. The specific gravity of their vapors, however, differs ; and 
this difference often enables a chemist to apportion with great accuracy their 
atomic constitution. The sp. gr. of a compound vapor must always be the 
sum of the sp. gr. of its constituent elements, or a multiple of them. We 
need not go further into this subject, as the reader will find several examples 
given at p. 517. 
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TABLE OF SIMPLE AND COMPOUND GASES AND VAPORS. 













Sp. gr. of 


Weight of 


Gases and vapors. 


Symbols. 


Atom 


Atomic 


Sp. gr. of 


hydrogen 


100 c. i. in 






Vol. 


Weiglit. 


air 1. 


1. 


grains. 


Air 






... 


1-000 


14-48 


31-00 


Hydrogen . . 








ii' 


i" 


1 


0-0691 


1- 


2-14 


Oxygen . . , 






i 





i 


8 


1-1057 


16- 


34-24 


Nitrogen . . 








N 


1 


14 


0-9674 


14- 


29-96 


Chlorine , . 








CI 


1 


36 


2-4876 


36- 


77-04 


Bromine . . 








Br 


1 


78 


5-3898 


78- 


166-92 


Fluorine . . 
Iodine . . . 








F 


1 ? 


19 




19- 










I 


1 


126 


8-7066 


126- 


269-64 


Sulphur , , 








S 


i 


16 


6-6336 


96- 


205-44 


Selenium . . 








Se 


i 


40 


16-6390? 


240- 


515-80 


Phosphorus . 








P 


i 


32 


4-3555 


64- 


136-96 


Carbon . . , 








C 


1? 


6 


0-4146 


6- 


12-84? 


Tellurium 








Te 


i 


64 


4-4190 


38-4 


136-98 


Arsenic . . 








As 


i 


75 


10-3900 


150- 


322-09 


Aqueous vapor 








HO 


1 


9 


0-6219 


9- 


19-26 


Protox. of nitrogen 






NO^ 


1 


22 


1-5202 


22- 


47-08 


Deutox. of nitrogen . 






NOg 


2 


30 


1-0365 


15- 


32-10 


Nitrous acid .... 






NO, 


1 


46 


1-5890 


46. 


49-15 


Ammonia ..... 






NH3 


2 


17 


0-5873 


8-5 


18-19 


Hypochlorous acid . 






CIO 


1 


44 


3-0404 


44- 


94-16 


Peroxide of chlorine . 






CIO4 


2 


68 


2-3494 


34- 


72-76 


Hydrochloric acid . . 






HCl 


2 


37 


1-2783 


18-5 


39-59 


Hydrobromic acid . 






HBr 


2 


79 


2-7294 


39-5 


84-53 


Hydriodic acid . . . 






HI 


2 


127 


4-3878 


63-5 


135-89 


Hydrofluoric acid . . 
Sulphurous acid . . 






HF 


2 ? 


20 




10- 








SO2 


1 


32 


2-2112 


32- 


68-48 


Hydrosulphuric acid 






HS 


1 


17 


1-1747 


17- 


36-38 


Hydroselenic acid . 






HSe 


1 


41 


2-7950 


41. 


86-64 


Phosph. hydrogen . 






PH3 


2 


35 


1-1925 


17-5 


36-96 


Terchlor. of phosph. 






PCI3 


2 


140 


4-7420 


70- 


147-00 


Pentachl. of phosph. 






PCI5 


4 


212 


3-6600 


53- 


113-46 


Carbonic oxide . . 






CO 


1 


14 


0-9674 


14- 


29-96 


Carbonic acid . . 






CO2 


1 


22 


1-5202 


22. 


47-08 


Light carb. hydrogen 






CH2 


1 


8 


0-5528 


8- 


17-12 


defiant gas . . . 






C,H2 


1 


14 


0-9674 


14. 


29-96 


Cyanogen . . . 






NC^ 


1 


26 


1-7966 


26- 


55.64 


Hydrocyanic acid . 






HCy 


2 


27 


0-9328 


13-5 


28-89 


Tellur. hydrogen . 






TeHg 


1 


65 


4-4881 


65. 


139-11 


Arsen. hydrogen 






ASH3 


2 


78 


2-7010 


39- 


83-73 


Alcohol .... 






C4 HgOg 


2 


46 


1-6100 


23- 


49-91 


Ether 






C4H5O 


1 


37 


2-5567 


37- 


80-25 


Chloroform . . . 






C2 HCI3 


2 


121 


4-1805 


60-5 


129-59 


Oil of turpentine . 






^20^16 


2 


136 


4-6980 


68- 


145-63 



[The reader is referred to page 63 for a table of the symbols and atomic weights of 
the Elements. Tables, showing the proportion per cent, of dry acids and alkalies, as 
well as of alcohol with water, will be found in their proper places in the body of th© 
work.] 
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PAGE 


ACALEPHiB 


130, 648 


chloromolybdic 


420 


hydrofluoboric 


279 


Acetates 


597 


chlorous 


178 


hydrofluoric 


194 


Acetic acid 


593 


chlorovalerisic 


579 


hydrofluosilicic 


288 


anhydroiis 


596 


chlorovalerosic 


579 


hydronitroprussio 


367 


glacial 


596 


cholalic 


658 


hydrosulphocyanic 


270 


monohydrated 


596 


cholic 


658 


hydrosulphuric 


210 


Acetification 


594 


choleic 


659 


liypoazotic 


159 


Acetometer 


595 


choloidic 


659 


hypochlorous 


176 


Acetone 


598 


chromic 


413 


hyponitric 


159 


Acetyle 


596 


cinchonic 


607 


hyponitrous 


158 


Acid, acetic 


593 


cinnamic 


569 


hypophosphorous 


223 


aconitic 


587 


citraconic 


587 


hyposulphuric 


209 


acrylic 


581 


citric ■ 


586 


hyposulphurous 


208 


adipic 


577 


citric ic 


587 


indigotic 


618 


aerial 


247 


citridic 


587 


inosinic 


646 


aldehydic 


546 


cobaltocyanio 


409 


iodic 


191 


altliionic 


554 


colopholic 


570 


isatinic 


619 


amidobenzoic 


601 


columbic 


418 


isethionic 


554 


amygdalic 


602 


comenic 


603 


isotartaric 


585 


anchiisic 


623 


crenic 


561 


itaconic 


587 


antimonic 


427 


croconic 


244 


kakodylic 


614 


antimonious 


427 


cyanhydric 


265 


kinic 


607 


apocrenic 


561 


cyanic 


262 


lactic 


653 


apoglucic 


528 


cyanuric 


264 


lauric 


580 


arsenic 


437 


dithionic 


209 


lecanoric 


619 


arsenious 


434 


dithionous 


208 


lithic (uric) 


663 


aspartic 


612 


elaidic 


580 


lithofellic 


659 


auric 


480 


ellagic 


590 


maleic 


588 


azotic 


160 


equisetic 


587 


malic 


588 


benzamic 


601 


erythric 


590 


manganic 


372 


benzoic 


600 


ethalic 


580 


margaric 


575 


bismutbic 


405 


ferric 


356 


meconic 


603 


boracic 


276 


ferricyanic 


366 


melassinic 


526 


borofluoric 


278 


ferrocyanic 


365 


mesoxalic 


244 


bromic 


187 


fluoboric 


278 


metameconic 


603 


bromobenzoic 


601 


fluoric 


194 


metagallic 


590 


butyric 


578 


fiuosilicic 


287 


metapectic 


524 


camphoric 


569 


formic 


599 


metaphosphoric 


225 


capric 


578 


fulminic 


264 


m etas tannic 


381 


caproic 


578 


fumaric 


588 


metatartaric 


585 


caprylic 


578 


gallic 


689 


molybdie 


420 


carbanilic 


601 


gallotannic 


588 


molybdous 


419 


carbazotic 


566 


geic 


561 


mucic 


524 


carbolic 


564 


glucic 


528 


muriatic 


180 


carbonic 


247 


glycocholalic 


658 


myristic 


580 


carminic 


624 


glycocholic 


658 


myronic 


569 


cartbamic 


622 


hippuric 


602, 665 


naphthalic 


563 


cerebric 


646 


humic 


561 


nitric 


160 


cbloracetic 


596 


hydriodic 


192 


nitrobenzoic 


601 


cblorhydric 


180 


hydrobromic 


188 


nitrohydrochloric 


184 


chloric 


178 


hydrochloric 


180 


nitromuriatic 


184 


chlorobenzoic 


600 


hydrocyanic 


265 


nitrous 


159 


chlorocarbonic 


247 


hydroferricyanic 


366 


oenanthio 


535 


chiorochromic 


415 


hydroferrocyanic 


365 


oleic 


576 
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oleophosphoric 


646 


sulphobenzolie 


564 


composition of 


544 


orceic 


620 


sulphocyanic 


270 


equivalent of, deter- 




orsellinic 


619 


sulphoglyceric 


577 


mined 


517 


osmic 


490 


sulpholeic 


577 


ethylic 


539 


oxalic 


590 


sulphomannitic 


629 


latent heat of vapor of 


129 


oxamic 


592 


sulphomargaric 


577 


methylic 


547 


oxaluric 


665 


sulphonaphthalic 


564 


properties of 


540 


palmic 


580 


sulphopurpuric 


617 


propylic 


545 


palmitic 


580 


sulphosaccharic 


623 


solvent powers of 


543 


parabanic 


665 


sulphostearic 


577 


sp. gr. of, table of 


543 


paramaleic 


588 


sulphovinic 


651 


tests for . 


544 


parapectic 


524 


sulphuric 


203 


uses of 


544 


paratartaric 


586 


sulphurous 


200 


Alcoholic fermentation 


530 


pectic 


524 


sulphydric 


210 


liquors, strength of 


639 


pectosic 


525 


tannic 


588 


Aldehyde 


645 


pelargonic 


577 


tantalic 


418 


Ale 


534 


pentathionic 


210 


tantalous 


418 


Alembroth, salt of 


450 


perchloric 


180 


tartaric 


682 


Algaroth, powder of 


428 


perchromie 


413 


tartralic 


585 


Alizarine 


621 


periodic 


192 


tartrelie 


585 


Alkalies defined 


67 


permanganic 


372 


taurocholalio 


658 


Alkaloids organic 


604 


phenic, or phenylic 


564 


taurocholic 


658 


formulae of 


515 


phocenic 


580 


telluric 


424 


Alkalimetry 


304 


phosphatic 


224 


tellurous 


423 


Alkanet 


623 


phosphoglyceric 


577 


tetrathionic 


210 


Alkargen 


614 


phosphoric 


224 


titanic 


425 


Alkarsin 


614 


. phosphorous 


223 


trichloracetic 


596 


Allotropic carbon 


232 


picric 


566 


trithionic 


209 


hydrogen 


115 


pimaric 


571 


tungstic 


417 


oxygen 


100 


pimelic 


578 


ulmic 


556 


phosphorus 


221 


pinic 


570 


uric 


663 


sulphur 


198 


propionic 


576 


uro-benzoic 


666 


Allotropy 


18 


plumbic 


398 


valeric 


578 


Alloxan 


665 


prussic 


265 


vanadic 


416 


Alloxantin 


665 


pthalic 


564 


xanthoproteic 


640 


Alloys of steel 


364 


purpuric 


624 


Acids, constitution of 


85 


Allyl 


569 


pyro citric 


587 


defined 


67 


Alum 


342 


pyrogallic 


590, 474 


dibasic 


225- 


chrome 


415 


pyroligneous 


595 


monobasic 


225 


varieties of 


343 


pyromeconic 


603 


nomenclature of 


67 


Alumina 


340 


pyromellitic 


244 


organic 


515 


. acetates of 


597 


pyrophosphoric 


225 


vegetable 


582 


hydrates of 


341 


pyroracemic 


586 


Aconitina 


609 


oxalate of 


593 


pyrotartaric 


586 


Acroleine 


581 


phosphates of 


344 


pyro-uric 


264 


Actinism 


471 


silicates of 


344 


pyruvic 


586 


Adamantine spar 


341 


sulphates of 


342 


quercitannic 


588 


Adhesion 


23 


tests for 


346 


racemic 


686 


of air 


144 


Aluminates 


341 


rhodizonic 


244 


Adipocire 


631 


Aluminum 


340 


ricinelaidic 


580 


Aeration of water 


129 


chloride of 


341 


rutic 


578 


Aerolites 


411 


fluoride of 


340 


saccharic 


528 


Affinity 


48 


Amalgam 47,454 


salycilic 


613 


single 


48 


for electrical machines 455 


sebacic 


577 


double 


51 


of ammonium 


169 


selenic 


216 


predisposing 


51 


Amalgamation of silver 


458 


selenious 


215 


Agate 


282 


Amarin 


602 


silicic 


281 


Air, atmospheric 


143 


Amber 


571 


silicofluoric 


288 


fixed 


247 


Ambergris 


659 


silvic 


'570 


thermometer 


76 


Ambligonite 


344 


sorbic 


588 


weight of 


145 


Ambreine 


659 


stannic 


381 


Alabaster 


330 


Amethyst 


282 


stearic 


575 


Albumen 


632 


Amides 


169 


suberic 


572 


vegetable 


637 


Amidogen 


168 


succinic 


572 


use of in dyeing 


616 


Ammelid 


271 


sulphacetic 


697 


Albuminates 


635 


Ammeline 


271 


sulphantimonic 


429 


Alcohates 


543 


Ammonia 


165 


sulpharsenic 


442 


Alcohol 


534 


acetate of 


597 


sulpharsenious 


441 


absolute 


540 


alum 


343 


sulphindigotic 


618 


butylic 


645 


analysis of 


167 


sulphindylic 


618 


caproic 


545 


aqueous 


166 


sulphobenzoic 


601 


caprylic 


545 


carbonates of 


172 



Ammonia — cont. page 

decomposition of 167 

formate of 699 

hydrocMorate of 171 

hydrosulphate of 213 

metallization of 169 

muriate of 171 

nitrate of 171 

oxalates of 592 

proportion in air 160 

in water 119 

salts of 171 

tests for 167 

gp. gr. of solution 166 

tests for 167 
Ammonias, hypothetical 520 

Ammomum 169 

amalgam of 169 

chloride of 171 

sulphides of 213 

Amorphous bodies 25 

phosphorus 221 

Amy gd aline 601 

Amyle 549 

oxide of 549 

hydrated 549 

Amylene 549 

Amylic alcohol 649 

Amylum 521 

Analysis 48 
prismatic, or spectral 69 

proximate organic 602 
qualitative, of metal- 
lic compounds 349, 492 

ultimate organic 606 
of organic compounds 511 

Anatase 424 

Anchusine 623 

Anhydrates 131 

Anhydrides 131 

Anhydrite 331 
Anhydrous compounds 131 

salts 31 

Aniline 610 

colors from 627 

Animal fluids 648 

Anions and cations 56 

Ann otto 624 

Anode 66 

Antherythrine 628 

Anthocyanine 628 

Anthoxanthine 628 

Anthracene 564 

Anthracite 561 

Antimonial poisoning 431 

Antimoniates 427 

Antimony 426 

acids of 427 

alloys of 429 

butter of 428 

chlorides of 428 

golden sulphur of 429 

oxides of 426 

sulphides of 429 

tests for 430 

Antiseptic liquids 632 

Antozone 106 

Apatite 332 

Apophyllite 333 

Aposepedine (leucine) 644 

Apple oil 657 

Aqua chlorinata 174 
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PAGE 


Aqua fortis 


161 


regia 


184 


Aqueous vapor 


126 


in air 


150 


in gases 


674 


Arabine 


623 


Arbor Dian83 


462 


Archil 


619 


Argento-cyanides 


464 


Argol 


636,584 


Arrack 


639 


Arragonite 


333 


Arrowroot 


522 


Arsenamine 


620 


Arsenates 


438 


Arsenic 


432 


acid 


437 


alloys of 


442 


butter of 


441 


chlorides of 


440 


extraction of 


438 


in coal 


433 


in mineral waters 


138 


in vegetables 


504 


Marsh's test for 


444 


native 


434 


oxides of 


434 


properties of 


433 


Eeinsch's test for 


444 


sulphides of 


442 


tests for 


443 


white 


434 


Arsenical pyrites 


433 


Arsenides 


442 


Arsenious acid 


434 


Arsenites 


436 



Arsenuretted hydrogen 439 

Artesian well water 122 

Artificial camphor 568 

Ashes of vegetables 502 

estimation of 604 

Asparagin 612 

Asparagus stone 332 

Asphalt 562 

Asphaltene 662 

Assay of gold 483 

of silver 466 

Atacamite 391 

Atmosphere 143 

ammonia in 150 

analysis of 147,162 

aqueous vapor in 150 

composition of 151 

density of 145 

height of 146 

magnetism of 83 

organic matter in 161 

physical properties of 144 

pressure of 145 

uniform constitution of 152 

Atomic theory 60 

volumes 64 

weights 65 

Atoms, size and weight of 22 

Attraction, adhesive 23 

capillary 23 

chemical 20 

22 



electrical 


19 


gravitative 


19 


magnetic 


19 
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Attraction, varieties of 22 

Atropia 610 

Aurates 480 

Aurochlorides 481 

Auripigmentum 442 

Aurum musivum 382 

Aventurine 282 

Axes of crystals 35 

Azobenzole 564 

Azote 140 

B. 

Baldtjin's phosphorus 329 

Ball soda 313 

Balsam of Peru 600 

tolu 600 

Balsams 570 

Barilla 312 

Barium 321 

chloride of 323 

nitroprusside of 367 

oxides of 322 

sulphide of 323 

Barley sugar 625 

Barometer, construction of 146 

uses of 146 

(water) 146 

Erench 669 

Baryta 322 

acetate of 697 

carbonate of 323 

nitrate of 322 

oxalate of 593 

plumbate of 399 

sulphate of 323 

sulphonaphthalate of 563 

tartrate of 583 

tests for 324 

Bases, alkaline and 

earthy, tests for 350 

defined 67 

organic 604 

Basic water 132 

Bassorine 524 

Beans 637 

Bears' grease 647 

Bees' wax 580 

Beer 534 

Bell-metal 393 

Benzine 664 
Benzoic acid (anhydrous) 600 

Benzole 564 

Benzyle 600 

Benzoates 600 

Benzoin 600 

Benzoine 602 

Benzoline 602 

Benzoyle 600 

hydride of 601 

Bergmehl 281 

Beryl 347 
Bezoars 590, 660 

Bibromisatine 619 
Bicarburetted hydrogen 258 

Bichlorisatine 619 

Bile 657 

tests for 660 

Biliary calculi 659 

Bilin 659 

Binary compounds 68 
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Binitrobenzole 664 

Bismuth 405 

alloys 407 

butter of 406 

chloride of 406 

iodide of 406 

nitrates of 406 

oxides 405 

sulphate of 406 

sulphite of 406 

tests for 407 

Bisulphide of carbon 272 

Bitter-almond oil 601 

spar 338 

Bittern 336 

Bitiimen 562 

Bituminous coal 661 

schist 662 

Black ash 313 

flux 804 

Jack 378 

lead 235 

Blanc d'Espagne 406 

Bleaching-powder 327 

Blende 378 

Bleu de Paris 628 

Blood 648 

coloring-matter of 649 

corpuscles 648 

tests for 650 

Bloodstone 282 

Blowers in coal mines 253 

Blowpipe, oxhydrogen 113 

Blue dyes 617 

John 329 

Prussian 365 

Thenard's 408 

vitriol 391 

Boghead coal 565 

Bog iron ore 367 

Boiling-points 126 

Bone 647 

weight of in adult 648 

gelatine 692 

Bone earth 331 

Bone grease 647 

Boracite 338 

Borates 277 

Borax 315 

Born^en 569 

Borneo camphor 569 

Boron 274 

chloride of 278 

fluoride of 278 

nitride of 277 

Botryolite 333 

Boules de Nancy 585 

Bouquet of wines 635 

Boyle's fuming-liquor 213 

Brain 646 

Brandy 538 

Brass 393 

analysis of 394 

Brazil-wood 622 

Braziline andBrazileine 622 

Bread 639 

Bristol diamonds 281 

Britannia metal 430 

Bromal 555 

Bromates 188 

Bromides 189 
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Bromine 185 

chloride of ^ 189 

in organic bodies 511 

Bromisatine 619 

Bromobenzole 564 

Bronze 393 

castings 393 

coinage 394 

Bronzing medals 388 

tin 383 

Brucia 608 

Brunswick green 390 

Bude light 97 

Butter 652 

of antimony 428 

of bismuth 406 

of tin 381 

Butyrates 578 

Butyric fermentation 578 



Cadet's fuming-liquor 614 

CEesium 320 

Cadmium 384 

chloride of 385 

oxide of 384 

salts of 385 

tests for 385 

Caffeine 612 

Cairngorm stones 281 

Calamine 378 

Calcareous spar 332 

Calcedony 282 

Calcium 326 

chloride of 327 

fluoride of 329 

oxide of 326 

phosphide of 331 

sulphide of 329 

Calculi, biliary 659 

salivary 654 

urinary 666 

Calico-printing 616 

Calomel 448 

Calotype 477 

Camphine 668 

Camphor 569 

artificial 568 

Borneo 569 

Camphyle 568 

Cane-sugar 525 

Cannel coal 561 

Canton's phosphorus 329 

Caoutchine 672 

Caoutchouc 672 

vulcanized 54, 573 

Capillarity 24 

Capillary tubes 23 

Caput mortuum 861 

Carageenin 525 

Caramel 627 

Oarbazotates 566 

Carbides 242 

Carbolic acid 664 

Carbon 232 

antiseptic powers of 241 

amount of, expired 249 

bisulphide of 272 
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estimation of 507 

gaseous oxide of 244 

of coal 236 
source of, in organic 

bodies 506 

Carbonated waters 137 

Carbonates 252 

Carbonic acid 247 

quantity expired 249 

decomposed by 

plants ^ ^ 249, 506 
decomposition of 249 
liquefaction of 252 
present |n air 149 
properties of 247 
solidification of 252 
sources of 248 
tests for 250 
Carbonic oxide 244 
Carburetted hydrogen 258 
(light) 253 
Carmeine 624 
Carmine 623 
Carnelian ^ 282 
Carthamic acid 622 
Carthamein 622 
Carthamine 621 
Cartilage 641 
Casehardening 363 
Casein 337, 837 
Cassel yellow 400 
Cassius, purple of 481 
Cast iron 353 
Castor 659 
Castor oil 579 
Catalysis 54 
Catalytic platinum 484 
Cathode 56 
Cations 56 
Cedriret 565 
Cellulose 657 
Cementation 262 
Cements 333 
Cerasin 524 
Cerebro-spinal fluid 657 
Cerin 580 
Cerolein 680 
Cerium 348 
Cerumen 646 
Cetene 580 
Cetine 580 
Chalcolite 421 
Chalk 333 
Chalk-stones 665 
Chalybeate waters 138 
Charcoal 237 
absorption of gases by 240 
animal 243 
ashes of 239 
antiseptic powers of 241 
catalytic power of 240 
combustion of in oxy- 
gen 85 
decoloring power of 241 
filters 241 
preparation of 237 
properties of 239 
quantity from various 
woods 289 
Cheese 638 
Chemical affinity 39 
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analysis 


48 


oil 


563 


Concrete 


334 


compounds defined 


44 


origin of 


561 


Concussion, influence of 




equivalents 


60 


parrot 


561 


on crystallization 


33 


nomenclature 


67 


products of its distil- 




Conduction, electric, by 




and physical properties 20 | 


lation 


254 


metals 


293 


Chemistry defined 


17 


steam 


561 


by water 


123 


China 


346 


tar 


563 


of heat by metals 


292 


Chitin 


647 


colors from 


626 


by water 


123 


Chloracetates 


596 


Welsh 


561 


Condy's disinfectant 


373 


Chloral 


546 


Cobalt 


407 


Confectionery, poisonous 


436 


Chlorates 


179 


ammonia compounds 




Congelation, line of per- 




Chloric ether 


260 


of 


408 


petual 


146 


Chlorides 


176 


arsenate of 


407 


Conia 


610 


Chlorimetry 


328 


arsenide of 


407 


Conite 


338 


Chlorine 


172 


borate of 


409 


Convection of heat 


124 


aqueous 


174 


carbonate of 


408 


Copal 


571 


combustion in 


175 


chloride of 


408 


Copper 


386 


in organic bodies 


511 


cyanides of 


409 


alloys of 


393 


oxides of 


176 


glance 


407 


acetates of 


698 


properties of 


173 


nitrate of 


408 


azure 


392 


tests for 


176 


oxides of 


407 


ammonio- sulphates of 


392 


Chlorisatine 


619 


sulphate of 


408 


bronzing of 


388 


Chlorites 


178 


sulphides of 


408 


carbonates of 


392 


Chlorobenzole 


564 


tests for 


409 


chlorides of 


390 


Chloroform 


546 


uses of 


409 


cyanides of 


392 


formula of, determined 518 


Cobaltocyanides 


409 


emerald 


392 


Chlorophyllin 


629 


Coccinelline 


624 


formate of 


599 


Chocolate 


580 


Cochineal 


623 


iodide of 


391 


Choke-damp 


248 


Cocoa 


580 


manufacture of 


386 


Cholesterine 


659 


Cocoa-nut oil 


580 


nitrate of 


389 


Chondrin 


646 


Codeia 


580 


ores of 387 


, 391 


Chromates 


413 


Coffee 


612 


oxides of 


387 


Chrome-alum 


415 


Cohesion 


22 


use in organic ana- 




yellow 


414 


influetfce of, on affinity 39 


lysis 


507 


Chromic acid 


413 


Coke 


236 


poisoning by 


395 


Chromium 


412 


Colchicia 


608 


pyrites 


391 


chlorides of 


414 


Colcothar 


361 


silicate of 


392 


fluoride of 


415 


Cold, production of 


32 


sulphate of 


391 


oxides of 


412 


Collodion 


472 


sulphides of 


391 


sulphates of 


415 


Collodion process in 




smelting of 


386 


tests for 


415 


photography 


472 


tartrates of 


585 


Chromomolybdic acid 


420 


Colophene 


570 


tests for 


394 


Chrysene 


564 


Colophony 


570 


tinned 


394 


Chrysoberyl 


347 


Colostrum 


652 


Copperas 


360 


Chrysocolla 


392 


Color of the blood 


648 


Coral 


647 


Chrysolite 


339 


of flowers and 




Cornish clay 


345 


Chrysoprase 


282 


leaves 628, 629 


diamonds 


281 


Chrysorhamnine 


626 


of light 


97 


Corpuscles of the blood 


649 


Chyle 


651 


of gases 


93 


Corrosive sublimate 


449 


Cicuta 


610 


1 of salts influenced by 




tests for 


456 


Cinchonia 


606 


water 


132 


Corundum 


341 


Cinnabar 


452 


Coloring matters 


614 


Crassamentum 


648 


Cinnamyle 


569 


of blood 


649 


Cracklings 


580 


Citric acid, characters 


of 587 


Colors production 


614 


Cream 63^ 


5, 652 


Citrates 


587 


substantive and ad- 




of tartar 


584 


Civet 


659 


jective 


617 


Creasote (^Se^'Kreasote) 


565 


Clay 


345 


Columbium 


418 


Crocus of antimony 


429 


Clay — ironstone 


353 


Combination, laws of 


60 


Crucibles 


346 


Cleavage of crystals 


27 


Combustibles defined 


94 


Cryolite 


340 


Clot of blood 


648 


Combustion defined 


91 


Cryophorus 


129 


Coal 


561 


in air 


141 


Crystalline solids 


27 


analysis of 


561 


in oxygen 


92 


structure 


26 


bituminous 


561 


in rarefied air 


145 


Crystallization 


25 


Boghead cannel 


565 


heat and light evolved 


by fusion 


25 


cannel 


561 


in 


95 


salts separated by 


29 


carbon of 


236 


products of 


99 


systems of 


34 


gas 


254 


without oxygen 


92 


theory of 


34 


composition of 


254 


Combustion -tube 


511 


Crystals, axes of 


35 


measures 


561 


Compound radicals 68, 518 


artificial mineral 


28 


mines, fire-damp of 


256 


Compounds, binary 


68 


biaxial 


35 


naphtha 


563 


Compressibility of liquids 124 


cleavage of 


27 
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deposition of 30 

double refracting 35 

forms of 33 

microscopic 36 

production of 28 

unequal expansion of 27 

uniaxial 35 

Weiss's system of 35 

Cudbear 619 

Cumole 663 

Cupellation 395 

Curagoa 539 

Curcumine 626 

Curd 638 

Cyamelide 263 

Cyanates 263 

Cyanides 269 

tests for 269 

Cyanogen 260 

bromide of 270 

iodide of 270 

sulphide of 270 

tests for 262 

Cyanurates 264 

Cymole 563 
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Daturia 609 

Decay 89 

of wood 560 

Decomposition, electric 55 

of salts ^ 56 

Decrepitation 31 

Definite proportions ' 38 

Deflagration 99 

Deliquescence 31 

Dentine 647 

De oxidation 88 

Derbyshire spar 329 

Dextrine 523 

Diabetic sugar 529 

Diachylon 681 

Dialysis ^ 46,134 

Diamagnetic bodies 293 

Diamond 233 

combustion of 233 

valuation of 234 

Diaspore 341 

Diastase 522 

Diatomocese 281 

Didymium 349 

Diffusion of gases 79 

law of 80 

of metallic vapors 80 

of liquids 46 

of vapors 79 

volume 79 

Digestion 656 

Digitalia 609 

Dimorphism 36 

Dippel's oil (acroleine) 581 

Disacryje 581 

Distillation, fractional 606 

Distilled water 122 

vinegar 695 

Divisibility of matter 21 

Dolomite 338 



Dough 
Dry rot 

Drummond's light 
Ductility 
Dutch gold 

liquid 

white 
Dyeing 
Dyslysine 

B. 
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639 
660 
113 
290 
393 
260 
403 
616 
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Earthenware 345 

Ebonite 673 
Echidnine 636, 654 

Educts, organic 498 

Efflorescence 31 

I, white of 633 

yelk of 633 

Blaine 574 

Elaioptene 567 

Elayle 258 
Electric flame, heat of 98 

Electrodes 66 

Electro-gilding 681 

Electrolysis 56 
Electro-negative bodies 56 

Electro plating 466 

Electro-positive bodies bQ 

Elements 17 

arrangements of 72 
relative proportions of, 

in animals 647 

table of a 63 

Elementary analysis 606 

Emerald 347 

Emr aid- green 436 

Emery 341 

Emetic tartar 585 

Emetine 611 

Emulsin 637 

Enamel 317 

of the teeth 647 
Endosmose and exos- 

mose 46,80,134 

Epsom salt 336 

Equivalent weights 60 

volumes 63 

Equivalents, chemical 60 

table of 63 

of organic bodies 514 

barometrical 669 

thermometrical 670 

Erbium 348 

Eremacausis 89 

Erythrine 620 

Erythryline 620 

Erythrophylin 629 

Erythroprotide 636 

Essential oils 566 

adulteration of 667 

Ethal 580 

Ether 650 

acetic 556 

benzoic 557 

boracic 657 

bromic 567 

butyric 657 

carbonic 557 

chloric 260 

citric 557 
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formation of 
formic 
hydriodic 
hydrobromic 
hydrochloric 
hydrocyanic 
hydrosulphuric 
hyponitrous 
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657 
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latent heat of its vapor 129 
muriatic 656 
nitric 656 
nitrous 556 
oenanthic 635 
pelargonic 657 
perchloric 657 
phosphoric 552 
production of 560 
products of its combus- 
tion 553 
silicic . 557 
succinic 557 
sulphatic 555 
sulphuric 650 
tests for 665 
theory of its formation 661 
valeric 657 
washed 661 
Etherification, theory of 551 
Etherole 656 
Ethers, compound 656 
double 657 
Bthiop's mineral 452 
Ethogen 277 
Bthylamine 520 
Ethyle 555 
bromide of 667 
chloride of 556 
cyanide of 557 
fluoride of 557 
iodide of 657 
sulphocyanide of 657 
sulphide of 557 
Bthylic alcohol (Alcohol) 639 
Ethylene 258 
Eucalyn 629 
Euchlorine 179 
Euclase 347 
Eudiometry 147 
Eupion 566 
Euxanthates 626 
Buxanthin 626 
Expansion of gases 76 
liquids 124 
metals 291 
solids 291 
Excrement 660 
Excretine 660 
Explosions in coal mines 257 
Bye, liquids of the 657 

E. 

Eats, general properties 

of 574 

Eatty acids 574 

Eecula 621 

Felspar 281 

Fergus onite 418 

Fermentation 630 

alcoholic 530 
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butyric 678, 653 
lactic 678, 653 
panary 630 
pectic 524 
viscous 636 
Fermented liquids 634 
Ferments 630 
Ferrates 357 
Ferric acid 356 
Ferricyanogen 271 
Ferricyanides 271 
Ferrocyanogen 271 
Ferrocyanides 271 
Fibrin 639,646 
tests for 621 
vegetable 619 
Fire-clay 345 
Fire-damp 263, 267 
Fixed air 247 
oils 253,267 
stars, light of 99 
Flame, nature of 98 
temperature of 98 
Flesb, juice of 644 
Flint 282 
Flowers, colors of ' 628 
scents of 566 
Fluoboricacid 278 
Fluorides 196 
Fluorine 194 
Fluor-spar 329 
Food of animals 500 
preservation of 631 
Forces, chemical 20 
physical 19 
Formates 699 
Formulse, chemical 62 
from vapor densities 517 
empirical 518 
in organic analysis 514 
rational 518 
Formyle 599 
Fowler's mineral solu- 
tion 436 
Fractional distillation 505 
Freezing mixtures 33 
French chalk 339 
polish 571 
Fructose 627 
Fruits, sugar of 627 
Fuchsine 627 
Fuller's earth 345 
Fulminating mercury 454 
powder 300 
silver 464 
Fulminic acid 264 
Fuming liquor of Boyle 213 
of Cadet 614 
ofLibavius 382 
Functions of vegetables 

and animals 50 

Fusel oil 549 

Fusibility of metals 292 

Fusible metal 406 

Fustic 625 
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Gadolinitb 


348 


Galena 


400 


Gallates 


589 
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Gall-nuts 


588 


Glue 


645 


Gall-stones 


659 


Gluten 


639 


Gallic acid 


589 


Glutin 


639 


Galvanized iron 


378 


Glycerine 


676 


Garancin 


691 


Glycocine 


644 


Garlic, oil of 


569 


Glycocoll 


644 


Gas explosions 


257 


Glycyrrhizine 


529 


in mines 


256 


Gold 


479 


Gaseous diffusion 


79 


alloys of 


482 


Gases 


72 


amalgam of 


482 


and vapors defined 


72 


assay of 


483 


bulk of, at different 




bromide of 


481 


temperatures 


76 


chlorides of 


480 


desiccation of 


135 


coin 


482 


diamegnetism of 


79 


cyanide of 


482 


diffusion of 


79 


iodides of 


481 


expansion of, by heat 


76 


oxides of 


480 


incandescence of 


77 


pure 


479 


'liquefaction of 


73 


quality of, ascertained 


482 


magnetism of 


79 


separation of, from 




measurement of 75,672 


silver 


482 


passage of, through 




standard 


482 


diaphragms 


81 


sulphides of 


481 


physical properties of 


76 


tests for 


483 


refractive powers of 


78 


trinkets 


482 


specific gravities of 77,677 


use of, in photography 


472 


specific heat of 


77 


Goniometers 


39 


solubility of, in water 


129 


Goulard's extract of lead 


698 


effect of pressure and 




Granite 


281 


temperature on 


672 


Grape-sugar 


527 


aqueous vapor in 


673 


Graphite 


235 


Gastric juice 


655 


Gravity influences solu- 




Geine 


561 


tion 


45 


Geodes 


26 


specific 


674 


Gelatin 


641 


Greaves 


680 


offish 


641 


Green paper-hangings 


436 


of skin 


642 


Scheele's 


436 


of bone 


642 


vitriol 


360 


sugar 


644 


Guaiacum 


571 


tests for 


643 


Guano 


663 


Gelose 


525 


colors from 


624 


Gems, artificial 


28 


Gum 


523 


imitations of 


317 


elastic 


572 


Gerhardt's notation 


65 


resins 


570 


German silver 


412 


Gun-cotton 


658 


Geyser water 


285 


photographic 


559 


Gibbsite 


341 


Gunpowder 


301 


Gilding by amalgam 


432 


Gutta-percha 


577 


Gin 


639 


Gypsum 


330 



316 
516 
316 
317 
316 
317 
292 
316 
316 
398 
316 
286 
331 
311 

Glaze for iron pots 317, 345 
for earthenware 341 

Globulin 636, 649 

•Glonoine 677 

Glucina, salts of 347 

Glucinum 347 

Glucose 527 

Glucosides 613 



Glass, analysis of 

Bohemian 

bottle 

colored 

crown 

devitrified 

expansion of 

flint 
Glass, manufacture of 

optical 

plate 

soluble 
Glauberite 
Glauber's salt 



HuEMATEINE 622 

Hsematosine 649 

Haematite 357 

Hgematoxylin 622 

Hair 636 

Halogens 173 

Haloid salts 68 

Hamburgh-white 403 

Hardening of steel 363 

Hardness of minerals 283 

of metals 290 
Harmonicon chemical 112 

Hartshorn, salts of 172 

Hatchetine 565 

Hausmannite 372 
Heat, conduction of 123,292 

convection of 124 



688 



INDEXa 



Heat— co7^f, page 
expansion by 124, 291 
latent 128 
specific 128 
Heating powers of dif- 
ferent combustibles 94 
Heavy spar 323 
Heliotrope 282 
Hellebore 608 
Hippuric acid 602 
Hippurates 603 
Hofi"mann's anodyne, 554 
Homburg's pyrophorus 343 
Honey 629 
Hops, use of, in beer 634 
Horn 636 
Horn-lead 399 
silver 460 
Hot blast 95 
Humboldtite 690 
Humic acid 561 
Humors of the eye 657 
Humus 661 
Hyacynth 348 
Hydr acids 118 
Hydrargochlorides 450 
Hydrated salts 31 
Hydrates 131 
Hydraulic lime 333 
Hydrides 113 
Hydrobenzamide 602 
Hydrocarbons 253 
analysis of 614 
oily 668 
Hydrochloric acid 180 
Hydrocyanic acid 267 
tests for 268 
Hydrogen 107 
allotropic 114 
a metallic vapor 115 
antimonuretted 428 
arsenic in 108 
arsenuretted 439 
compounds of 113 
estimation of, in or- 
ganic analysis 507 
high temperature of its 

flame 113 

light carburetted 253 

nascent 114 

peroxide of 139 

persulphide of 213 

properties of 109 

purification of 108 

sulphuretted 210 

telluretted 424 

Hydrophane 282 

Hydrosulphuric acid 210 

Hyoscyamia 609 

Hydrometers 541 

Baume's 674 

Twaddell's 675 

Hygrometric water 135 

Hyponitrites 158 

Hypophosphltes 223 

Hyposulphates 209 

Hyposulphites 208 

Hyposulphuric acid 209 

Hyposulphurous acid 208 
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Ice 124 

crystalline texture of 125 

expansion of 125 

specific gravity of 125 

Ice water 126 

Iceland spar 332 

Igasurio acid 608 

Ignition 92 

temperature of 96 

in vacuo 93 

voltaic 93 

Ilmenium 418 

Incandescence 92 

Incubation, changes of 

the egg in 634 

Indian fire 441 

rubber 572 

yellow 626 

Indigo 616 

Indigogene 6l7 

Ihdigotine 616 

Ink, marking 462 

printing 579 

sympathetic 408 

writing 689 

lodates 192 

Iodides 193 

Iodine 189 

chloride of 193 

in organic bodies 511 

tests for 190 

Ions 56 

Ipecacuanha 611 

Iridium 491 

salts of 491 

Iron 352 

acetates of 597 

alloys of 367 

alum 367 

ammonio-chloride of 358 

arsenates of 439 

bar 354 

benzoate of 600 

black oxide of 355 

bog, ore of 357 

bromides of 358 

carbonates of 364 

carbides of 362 

cast 353 

change of structure 

of 33, 354 
chlorides of 357 
cold short 354 
combustion of, in oxy- 
gen 86 
cyanides of 364 
ferricyanide of 365 
ferrocyanide of 365 
galvanized 378 
gray cast 353 
hot-short 354 
iodide of 358 
magnetic oxide of 356 
magnetism of 354 
malleable 353 
manufacture of 353 
meteoric 4li 
mottled 353 
native 411 
nitrates of 358 
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ores of 357 

oxides of 355 

passive state of 359 

persalts of 368 

phosphates of 361 

phosphide of 361 

protoxide of 355 

pure 354 

pyrites 360 

refining of 353 

separation of the oxides 368 

smelting of 354 

specular ore of 357 

succinate of 572 

sulphates of 360 

siilphides of 369 

tartrates of 585 

tests for 368 

welding of 354 

wrought 353 

zinced 378 

Isatide 619 

Isatine 618 

Isinglass 641 

Japan 525 

patent 642 

Isomerism 18, 497 

Isomorphism 37 

Isomorphous bodies 37 

Ivory 647 



Jade 


339 


Japan isinglass 


525 


varnish 


571 


Jargon 


348 


Jasper 


282 
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Kakodyle 


613 


Kaolin 


277 


Kapnomor 


666 


Kelp 


312 


Kermes-mineral 


429 


King's yellow 


, 442 


Kinic acid 


607 


Kirschwasser 


519 


Kreasote 


565 


Kreatine 


646, 665 


Kreatinine 


646, 665 


Krems white 


403 


Kupfernickel 


443 


Kyanol (aniline) 


610 



Labarraque's disin- 
fectant 310, 314 
Lac 571 
dye' 623 
lake 623 
sulphur is 198 
Lacmus 619 
Lacquer 577 
Lactarine 616 
Lactic fermentation 578 
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Laetine 653 

Lactose, or laetine 653 

Lakes 341 

Lake water 119 

Lamp-black 243 

Lanthanum 348 

Lard 574 

Latent heat 128 

of steam 129 

of vapors 129 

Laughing gas 154 

Laws of combination 60 

Lazulite 344 

Lead 395 

aceta.tes of 598 

action of air and water 

on 396 

alloys of 404 

borate of 403 

bromide of 400 

black 235 

carbonate of 401 

chloride of 399 

chromates of 414 

cupellation of 396 

cyanide of 403 

desilvering of 396 
extraction of, from 

ores 395 
fluoride of 400 
formate of 599 
hyponitrite of 399 
iodide of 400 
in vegetables 504 
nitrates of 399 
oxichloride of 400 
oxides of 397 
phosphates of 401 
pyrophoric 40 
saccharide of 528 
sugar of 598 
sulphate of 401 
sulphide of 400 
sulphite of 401 
tartrate of 585 
tests for 404 
white 401 
Leather 644 
Leaves, analysis of 504 
colors of 628 
Legumin 638 
Lepidolite 319 
Leucine 644 
Lichens 525 
colors from 619 
Light, chemical action of 470 
and heat of combustion 94 
chemistry of 468 
color of, in gases 93 
emitted in crystalliza- 
tion 435 
evolved in combustion 96 
influence of, on combi- 
nation 78 
polarized 527 
refraction of, by gases 78 
carburetted hydrogen 253 
Lightning, color of 93 
Lignine 560 
Lignite 561 
Lime 326 

44 



Lime — cont. 

acetate of 

benzoate of 

carbonate of 

chloride of 

citrate of 

hypochlorite of 

hypophosphite of 

hyposulphite of 

meconate of 

muriate of 

nitrate of 

oxalate of 

phosphates of 

plumb ate of 

silicates of 

sulphate of 

sulphite of 

tartrate of 

tests for 

water 
Lime-kiln 
Lime-light 
Limestones 
Liquation 
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600 
332 
327 
587 
327 
331 
330 
603 
327 
329 
593 
331 
399 
333 
330 
380 
585 
334 
327 
326 
113 
333 
458 



Liquefaction, •cooling by 32 

ofgases 73 

Liquors 539 

Liquids, compressibility of 124 

conduction of heat by 123 

convection of heat by 124 

expansion of 124 

spirituous 538 

Liquor amnii 556 

pericardii 557 

Liquorice sugar 529 

Litharge 397 

Lithia 319 

oxalate of 593 

salts of 319 

tests for 319 

Lithium 318 

in organic bodies 603 

Litmus 619 

paper 620 

Liver of antimony 429 

of sulphur 302 

Loam ^46 

Logwood 622 

Lozenges 523 

Luna cornea 460 

Lunar caustic 461 

Luteolin 625 

Lutes 346 

Lydian stone 382 

Lymph 651 



M. 

Macauoni 639 

Macquer's arsenical salt 438 

Madder 621 

Madrepore 647 

Magenta dye 627 

Magistery of bismuth 406 

Magnesia 335 

alba 337 

ammonio-phosphate of 337 

ammonio-sulphate of 336 

borate of 338 

carbonates of 337 



Magnesia — cont. page 
euxanthate of - 627 
hydrate of 335 
nitrate of 335 
phosphates of 337 
potassio-sulphate of 337 
silicates of 338 
sulphate of 336 
tests for 339 
Magnesian limestone 338 
Magnesium 334 
bromide of 336 
chloride of 335 
oxides of 335 
platino-cyanide of 32,486 
Magnetic iron ore 356 
Magnetism of the atmo- 
sphere 83 
of metals 293 
of gases 78 
Malachite 392 
Malates 588 
Malleability 290 
Malt 524 
Malt-spirit 540 
Manganates 372 
Manganese 369 
carbide of 375 
carbonate of 375 
chlorides of 373 
nitrates of 374 
oxides of 370 
sulphate of 374 
sulphide of 374 
tests for 375 
Manganic acid 372 
Manganite 371 
Manheim gold 393 
Manna 529 
Mannite 529 
formula of, calculated 516 
Manure 331,663 
Maraschino 539 
Marble 333 
Marcasite 405 
Margarine 575 
Marking-ink 462 
Marl 333 
Marsh gas 253 
Marsh's arsenic test 444 
Martial Ethiops 356 
Mass, influence of on 

afiSnity 50 

Massicot 397 

Matter, properties of 17 

divisibility of 21 

Mauve dye 627 

Meadowsweet, oil of 613 
Measures and weights 667 

Meconine 605 

Meconium 660 
Medals, bronzing of 383,388 

Meerschaum 339 

Melam 271 

Melamine 271 

Melitose 629 

Melinite 244 

Melloiie 262 

Melon, essence of 557 
Membranes traversed by 

gases and vapors 81 

Mercaptan 657 
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Mercurius vitse 


428 


Mirrors, by silver 


462 


Nitric acid, tests for 


364 


Mercury 


446 


Mispickel 


442 


Nitric oxide 


355 


acetate of 


598 


Mocha-stone 


282 


Nitrides 


U3 


ama,lgams of 


454 


Moire metallique 


383 


Nitro-benzole 


564 


amidocliloride of 


450 


Molybdates 


420 


Nitrogen 


140 


amidonitrate of 


452 


Molluscous animals 


636 


bicarbide of 


260 


bromides of 


451 


Molybdenum 


419 


binoxide of 


155 


carbonates of 


454 


chlorides of 


420 


chloride of 


184 


chlorides of 


448 


oxides of 


419 


deutoxide of 


155 


chlorosulphide of 


453 


sulphide of 


420 


estimation of, in organic 


cyanide of 


454 


tests for 


421 


analysis 


512 


detection of, in cases 




Mordants 


615 


iodide of 


193 


of poisoning 


456 


Morine 


625 


in the atmosphere 


343 


freezing of 


352 


Moroxite 


332 


oxides of 


3 53 


fulminating 


454 


Morphia 


604 


peroxide of 


3 59 


iodides of 


450 


formula of, determined 514 


phosphide of 


230 


nitrates of 


451 


tests for 


605 


preparation and proper- 




nitride of 


451 


Mortars and cements 


333 


ties of 


341 


ores of 


446 


Mosaic gold 


382 


protoxide of 


353 


oxides of 


447 


Moss-agate 


282 


tests for 


343 


phosphates of 


453 


Mother-liquors 


29 


Nitro-glycerine 


577 


sulphates of 


463 


Mountain blue 


392 


Nitro-muriatic acid 


184 


sulphides of 


463 


green 


392 


Nitro-prussides 271,671 


tests 'for 


455 


meal 


281 


Nitrous gas 


352 


Metalochromes 


399 


Mucin 


636 


oxide 


153 


Metalloids 


72 


Mucus 


656 


Nitrum fixum 


300 


Metallic compounds, 




Multiple proportions 


87 


flamnians 


171 


qualitative analysis 




Muntz's metal 


393 


Nomenclature, chemical 


65 


of 349,492 


Murexan 


624 


of organic compounds 


520 


Metals 


289 


Murexide 


624 


Non-metallic bodies 


72 


diamagnetism of 


290 


Muriacite 


331 


Nordhausen sulphuric 




ductility of 


290 


Muscle 


646 


acid 


206 


electro-conduction by 


293 


Musk 


659 


Norium 


418 


expansion of 


291 


Mustard, oil of 


569 


Notation, chemical 


60 


fusibility of 


292 


Myricin 


580 


Gerhardt's 


65 


general properties of 


290 


Myrosin 


569 


unitary 


66 


hardness of 


290 






Noyau 


539 


lustre of 


290 






Nutmeg butter 


580 


magnetic 


290 


N. 




Nutrition of animals 629 


, 645 


magnetism of 


293 






plants 


500 


malleability of 


290 


Naphtha, coal 


563 


Nux vomica 


607 


specific gravity of 


290 


native 


562 






specific heat of 


293 


. wood 


447 






table of 


289 


Naphthalin 


563 


0. 




tenacity of 


290 


Narceia 


605 






Metameric compounds 


19 


Narcotina 


605 


Obsidian 


283 


Metantimoniates 


428 


Nascent state 


42,114 


Ochre 


345 


M etaphosphates 


227 


Natrium 


308 


CEnanthic ether 


535 


Metastannates 


381 


Negative photographs 


472 


CEnanthin 


535 


Meteoric stones 


411 


Neutralization 


70 


Oil -gas 


260 


Methylamine 


520 


Neutral nitrogenous 




Oil of almonds 


579 


Methylated spirit 


548 


principles 


629 


ben 


579 


M ethyl e 


548 


Nickel 


410 


bitter almonds 


601 


salicylate of 


557 


alloys of 


411 


castor 


679 


Methylic alcohol 


549 


carbonate of 


411 


chocola.te-nut 


580 


ether 


548 


carbide of 


411 


coco-nut 


580 


Metre 


668 


chloride of 


410 


coal-tar 


563 


Metrical system 


668 


cyanide of 


411 


cod-liver 


580 


Mica (talc) 


339 


nitrate of 


411 


colza 


580 


Microcosmic salt 


312 


oxides of 


410 


Dippel's (acrolein) 


581 


Milk 638, 651 


phosphate of 


411 


hemp 


579 


Mindererus's spirit 


597 


potassio-cyanide of 


411 


laurel 


580 


Mineral cameleon 


372 


pyrites 


443 


linseed 


579 


green 


392 


sulphate of 


411 


meadow-sweet 


613 


oil 


562 


sulphide of 


411 


nutmeg 


580 


pitch 


562 


tests for 


412 


olive 


579 


tar 


562 


Nicotina 


■ 609 


palm 


580 


waters 


137 


Nihil album 


377 


poppy-seed 


579 


Minium 


398 


Niobium 


418 


rock 


562 


Mirbane, essence of 


564 


Nitrates 


164 


sperm 


580 


Mirrors, silvering of 


455 


Nitre 


300 


turpentine 


568 
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walnut 


579 


Oxy muriatic acid 


172 


Phenylia (aniline) 


611 


whale 


580 


Oxywater 


139 


Phenylamine (aniline) 


520 


of vitriol 


203 


Oysanite 


424 


Philosopher's lamp 


112 


of wine 


555 


Oysters 


636 


wool 


377 


Oils, drying 


579 


Ozokerite 


565 


Phloridzine 


613 


essential 


565 


Ozone 


100 


Phosgene gas 


247 


fixed 


579 


bleaching power of 


103 


Phosphamide 


231 


specific gravity of 


580 


constitution of 


106 


Phosphates 


227 


volatile 


565 


in the atmosphere 


105 


tests for 


227 


Oleate 


576 


from ether 


102 


Phosphides of hydrogen 


228 


Olefiant gas 


258 


in oil of turpentine 


103 


Phosphites 


224 


chloride of 


260 


in permanganates 


103 


Phosphori solar 


329 


Oleine 


576 


reconverted into oxy- 




Phosphorite 


332 


Oleum aethereum 


555 


gen 


104 


Phosphorus 


217 


Olivine 


339 


tests for 


104 


acids of 


223 


Onyx 


282 


Ozonides 


103 


allotropic 


221 


Oolite 


333 


Ozonized water 


373 


amorphous 


221 


Oonin 


632 


Ozonometry 


104 


Balduin's 


329 


Opacity of metals 


290 






bromides of 


231 


Opal 


282 


P. 




Canton's 


329 


Opium 


604 






chlorides of 


230 


Orceine 


620 


Pakpong 


412 


deoxidation by 


221 


Orcine 


620 


Palladium 


487 


in organic bodies 


510 


Organic chemistry 


496 


carbide of 


488 


iodides of 


231 


analysis 


496 


oxides of 


488 


nitride of 


230 


bodies, tests for 


606 


salts of 


488 


oxide of 


222 


coloring matters 


614 


tests for 


488 


sulphide of 


231 


elements 


496 


Pancreatic fluid 


665 


tests for 


221 


equivalents 


515 


Papaverine 


605 


Phosphorized alcohol 219 


, 543 


metamorphoses 


501 


Papier Moure 


438 


ether 219 


, 554 


principles 


496 


Paracyanogen 


261 


oils 


219 


radicals 


518 


Paraffin e 


565 


Phosphuretted hydrogen 


228 


substances, tests for 


506 


oils 


566 


Photographic pyroxyline 


559 


Organoleptic properties 


20 


Paranaphthaline 


563 


Photography 


468 


Organo-metallic bases 


613 


Parchment, vegetable 


658 


collodion process in 


472 


Orpiment 


441 


Patent yellow 


400 


on glass 


472 


Orseille 


619 


Pear -oil 


557 


on paper 


477 


Osmazome 


646 


Pearl-ash 


303 


Photometry 


180 


Osmium 


490 


Pearl-white 


406 


Physical forces 


19 


compounds of 


490 


Peas 


637 


Picamar 


566 


Osmosis 46, 80 


, 134 


Pea-stone 


333 


Picric acid 


556 


Ovalbumen 


632 


Pectase 


524 


Picrotoxia 


609 


Oxacids, constitution of 


84 


Pectic acid 


524 


Pine -apple oil 


557 


Oxalates 


591 


fermentation 


624 


Pink saucers 


622 


Oxalic-acid, manufacture 




Pectine 


524 


Pins, tinning of 


383 


of 


590 


Pectose 


524 


Piperine 


612 


properties of 


593 


Pelargonic ether 


557 


Pisolite 


333 


tests for 


591 


Pelopium 


418 


Pitch 


563 


ultimate analysis of 


515 


Pepper 


612 


Pitch-blende 


421 


Oxamic acid 


592 


Pepsine 


655 


mineral 


562 


Oxamide 


592 


Perchlorates 


180 


Pittacal 


566 


Ox-gall 


658 


Perch romic acid 


413 


Plants, functions of 


508 


Oxidation 


86 


Percussion caps 


454 


nutrition of 


500 


Oxides defined 


86 


Periodates 


192 


Plaster of Paris 


332 


nomenclature of 


87 


Permanganates 


372 


lead 


581 


reduction of 


88 


Peroxide of hydrogen 


139 


Plaster-stone 


332 


Oxy chlorates 


180 


Persian berries 


625 


Plating 


464 


Oxygen 


81 


Persulphide of hydrogen 213 


Platinocyanides 


486 


allotropic 


100 


Peru balsam 


600 


Platinum 


483 


deodorizing power of 


90 


Petalite 


319 


alloys of 


486 


in the atmosphere 


147 


Petrolene 


5G2 


ammonio-chloride of 


486 


equivalent of 


90 


Petroleum 


562 


black 


484 


magnetism of 


83 


Pettenkofer's test for 




bromides of 


486 


preparation of 


81 


bile 


660 


catalytic 


484 


properties of 


83 


Pewter 404, 430 


chlorides of 


485 


determination of in oi 


- 


Phene (benzole) 


564 


condensation of gases by 117 


ganic analysis 


508 


Phenakite 


347 


cyanide of 


486 


refractive power of 


83 


Phenol 


564 


fulminating 


485 


specific heat of 


83 


Phenyl e 


564 


iodides of 


486 


tests for 


90 


chloride of 


564 


malleable, manufac- 




Oxyhydrogen blowpipe 


112 


phosphate of 


564 


ture of 


483 



692 
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Platinum— co?2^. 
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R. 




ore of 


483 


Prince Rupert's metal 


393 


PAGE 


oxides of 


686 


Printer's ink 


679 


Race MATES 


686 


potassio-chloride of 


486 


Prismatic analysis 


57 


Racemic acid 


686 


sulphate of 


486 


Products, organic 


498 


Rack 


539 


a test for gelatin 


644 


of combustion 


99 


Radicals, hypothetical 


68 


sulphide of 


486 


Proof-spirit 


641 


organic 618 


, 619 


tests for 


487 


Proofs of chemical change 


47 


simple and compound 


68 


Plumbago 


236 


Propylene 


669 


Range of oxidation 


88 


Plumbates 


399 


iodized 


669 


Raphides 


513 


Poling of copper / 


386 


Proteic compounds 


630 


Ratafia 


639 


Polymeric compounds 


19 


Protein 


630 


Rays, actinic 


470 


Porcelain 


345 


Protide 


636 


chemical 


470 


Reaumur's 


317 


Proximate organic ana- 




Realgar 


441 


Porter 


634 


lysis 


602 


Reaumur's porcelain 


317 


Portland arrowroot 


623 


principles 


521 


Rectified spirit of wine 


640 


cement 


334 


Prussian blue 


363 


Red dyes 


621 


stone 


333 


native 


362 


glass 


317 


Potash 


303 


soluble 


366 


ink 


623 


Potassa 


295 


Turnbull's 


367 


lead 


398 


acetate of 


697 


Prussic acid 


265 


ore of antimony 


429 


antimonio-tartrate of 


585 


tests for 


268 


ore of silver 


463 


bicarbonate of 


304 


Ptyalin 636 


, 654 


Sanders wood 


623 


bisulphate of 


303 


Puddling of iron 


354 


Reduction of oxides 


88 


bitartrate of 


684 


Pulmonary exhalation 


656 


Regulus of a metal 


88 


carbonates of 


303 


Pumice 


283 


Reinsch's arsenic test 


436 


chlorate of 


298 


Purple of Cassius 


481 


Rennet 638 


, 653 


chromates of 


413 


Purpurates 


624 


Resins 


670 


cyan ate of 


306 


Purpuric acid 


624 


Respiration 


88 


hydrates of 


296 


Pur purine 


621 


of animals 


249 


hypochlorite of 


297 


Purree 


626 


of plants 


600 


in organic bodies 


602 


Pus 


666 


Rhamnine and rhamneine 625 


iodate of 


299 


Putrefaction 


89 


Rhodium 


489 


nitrate of 


300 


animal 


630 


oxides of 


489 


oxalates of 


692 


Putty of tin 


380 


salts of 


489 


oxychlorate of 


298 


Puzzolana 


334 


sulphides of 


489 


perchlorate of 


298 


Pyin 636 


, 666 


Rhubarb, acid of 


690 


plumb ate of 


399 


Pyrene 


564 


River water 


119 


silicates of 


307 


Pyrites, arsenical 


442 


Rochelle salt 


584 


sodiotartrate of 


684 


copper 


391 


Rock-crystal 


281 


solutions, sp. gr. of 


296 


iron 


360 


Rock-oil 


562 


stannate of 


381 


Pyrogallic aeid 


590 


Rock-salt 


309 


sulphates of 


302 


use of, in eudiometry 


148 


Roestone 


333 


sulphite of 


302 


in photography 


474 


Roman cement 


333 


tartrates of 


684 


Pyrol igneous acid 


696 


Rosaniline (Roseine) 


627 


tests for 


307 


Pyrolusite 


371 


Rosin 


568 


Potassiamide 


301 


Pyrometer, Daniell's 


292 


Rouge 


622 


Potassio-tarfcrate of an- 




Pyrophori 


40 


Rubidium 


320 


timony 


686 


Pyrophorus, Homberg's 


343 


in vegetables 


503 


of iron 


686 


of lead 


586 


Ruby 


341 


of soda 


684 


Pyrophosphates 


227 


silver ore 


463 


Potassium 


294 


Pyroxanthine 


666 


Rue, oil of 


578 


bromide of 


299 


Pyroxylic spirit 


547 


Rutic acid 


678 


chloride of 


297 


Pyroxylin e 


558 


Rupert's drops 


317 


cobalto-cyanide of 


409 


photographic 


659 


metal 


393 


cyanide of 


305 






Ruthenium 


490 


ferricyanide of 


307 






Rutilite 


424 


ferrocyanide of 


306 


Q. 








iodide of 


298 






S. 




oxides of 


294 


Quartz 


281 






phosphide of 


303 


Quercin© 


529 


Saccharic Acid 


528 


sulphides of 


302 


Quercitron bark 


625 


Sacchulmine 


626 


sulphocyanide of 


305 


Quercitrine and quer- 




Safety lamp 


356 


Potato-spirit 


649 


citreine 


625 


Safflower 


621 


Pottery 


346 


Quicklime 


326 


Sago 


522 


Prase 


282 


Quinces, essence of 


557 


Sal alembroth 


450 


Precipitate, signification 


of 49 


Quinia 


606 


ammoniac 


171 


per se 


447 


sulphate of 


607 


de duobus 


302 


white 


460 


Quinidine 


607 


enixum 


303 


Precipitation 


48 


Quinoidine 


607 


gummosum 


684 


Preservation of animal 








mirabile (Q-lauber's) 


311 


substances 


631 






prunella 


300 
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Salicine 613 

Salicyle 613 

Salicylic acid 613 

Saline waters 137 

Saliva 654 

Salivary calculi 654 

Salt, common 234 

Saltpetre 300 

Salt of sorrel 792 

Salt of tartar 303 

Salt, spirit of 181 

Salts, acid 68 

anhydrous 31 

basic 68 

binary 68 

constitution of 67 

decrepitation of 31 

defined 67 

deliquescent 31 

efflorescent 31 

electric decomposition of 69 

haloid 68 

hydrated 31 

nature of 67 

neutral 71 

nomenclature of 68 

Sandstone 281 

Santaline and santaleine 623 

Saponification 581 

Sapphire, oriental 341 

Sarcosine 646 

Sardonyx 282 

Satin spar 333 

Saturation defined 70 

Saturn 395 

Sawdust, oxalic acid from 590 

Saxon sulphuric acid 206 

Scheele's green 436 

Schists, bituminous 562 

Schweinf drth green 436 

Scotch topaz 282 

Sealing-wax 571 

Sea-salt 309 

Sea-water 135 

sp. gr. of 136 

saline contents of 136 

Sea-weed 525 

Sedative salt 276 

Seignette's salt 584 

Seleniates 216 

Selenite 330 

Selenium 214 

Seleniuretted hydrogen 216 

Seralbumen 633 

Serpentine 339 

Serpent-poison 654 

Serum of blood 633 

Sheathing of metal 393 

Shell-lac 571 

Shells 647 

Sherry, analysis of 537 

Shot 443 

Silica 281 

in plants 281 

Silicates 286 

Silicic acid 281 

Silicon 279 

bromide of 287 

chloride of 287 

fluoride of 287 

nitride of 288 



Silicon, sulphide of 

Silk 

Silver 

acetate of 

alloys of 

amalgam of 
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288 
556 
458 
598 
465 
465 

ammonio-nitrate of 462 
arsenate of 465 
arsenite of 465 
assay of 466 
bromide of 461 
bromiodide of 472 
carbonate of 464 
chloracetate of 646 
chloride of 460 
chromates of 465 
coin 465 
cupellation of 467 
cyanate of 464 
cyanide of 464 
cyanurate of 465 
electro-plating of 464 
extraction of 458 
frosted 466 
fulminate of 464 
fulminating 464 
German 412 
hyposulphite of 463 
iodide of 461 
in lead 395 
nitrate of 461 
ores of 458 
reduction of 458 
oxala.te of 593 
oxides of 459 
phosphates of 463 
salts of 467 
eifects of light on 470 
use of, in photo- 
graphy 470 
standard 465 
steel 465 
sulphate of 463 
sulphide of 462 
tests of 467 
Silver-white 403 
Silvic acid 570 
Silvius, febrifuge salt of 597 
Similor ' 393 
Sinapine 569 
Single affinity 48 
Size 645 
Slags 353 
Smalt 409 
Smelting of copper 386 
iron 353 
lead 395 
silver 458 
Snow 126 
Soap 581 
Soap-stone 339 
Soap-test for water 120 
Soda 308 
acetate of 597 
ash, manufacture of 313 
bicarbonate of 314 
bisulphate of 311 
borate of 315 
carbonate of 312 
chloride of 310 
chromate of 414 



Soda — cont. page 

hydrates of 303 

hyposulphite of 310 

use of in photography 471 

raetantimoniate of 428 

muriate of 309 

nitrate of 310 

in organic bodies 502 

. phosphates of 311 

jplurabate of 399 

silicates of 315 

solutions, sp. gr. of 309 

stannate of 381 

sulphates of 311 

sulphites of 311 

tartrates of 584 

tests for 3 18 

Soda-alum 343 

Soda-lime 513 

Sodium 308 

bromide 310 

chloride of 309 

in the photosphere of 

the sun 99 

iodide of 300 

nitroprusside of 367 

oxides of , 308 

sulphides of 310 

Solder 404 

Solidification of gases 73 

Solubility of gases in 

water 129 

of salts 45 

specific 45 

Soluble tartar 584 

Solution defined 45 

Sorbine ' 529 

Sound in hydrogen gas 112 

Spathose iron ore 364 

Specific gravity 674 

of gases 77j 678 

liquids 674 

metals 291, 676 

solids 676 

vapors 77, 678 

Specific heat 127 

of liquids 128 

metals 293 

gases 77 

solids 128 

Spectrum-analysis 57 

solar 470 

actinic rays of 470 

chemical actions of 470 

photographic influence 

of 470 

Specular iron ore 356 

Speculum metal 393 

Speiss 410 

Spermaceti 680 

oil 580 

Spheroidal state of liquids 127 

Spirit, methylated 548 

Mindererus's 597 

of salt 181 

of turpentine 568 

of wine 540 

of wood 547 

pyroxylic 547 

Spirituous liquids 538 

Spongy platinum 484 

action of 118 
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Sugar — coiit. 
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Spring-water 


122 


cane 


525 


PAGE 


Staffordshire ware 


345 


diabetic 


529 


Table of absorption of 




Stalactite 


332 


fermentation of 


532 


gases by charcoal 


240 


Stalagmite 


332 


formula of , 


516 


ofaqueous vapor in 




Standard gold 


482 


fruit 


527 


gases 


673 


silver 


465 


grape 


527 


of crystalline forms 


35 


Standards of weight and 




of lead 


597 


of affinities 


49 


measure 


667 


manufacture of 


526 


albuminous liquids 


633 


Stannates 


381 


maple 


625 


of anions and cations 


56 


Stannic acid 


381 


milk 


653 


of atomic weights 


63 


Starch 


521 


refining of 


526 


of atmospheric pres- 




analysis of 


512 


starch 


527 


sures 


145 


in animals 


521 


of gelatin 


644 


of composition of air 


152 


metamorphoses 


522 


tests for 


528 


of coal 


562 


potato 


522 


varieties of 


529 


of glass 


316 


rice 


522 


Sulphantimoniates 


429 


of proof spirit 


541 


sugar 


527' 


Sulpharsenates 


442 


of cyanogen compounds 


262 


tests of 


522 


Sulpharsenites 


442 


of diffusion-volume 


80 


uses of 


523 


Sulphates 


208 


of equivalents 


63 


varieties of 


522 


Sulphatic ether 


555 


of heating powers of 




wheat 


522 


Sulphides 


213 


combustibles 


98 


Steam 


126 


Sulphites 


202 


of hydrates of phospho- 




latent heat of 


129 


Sulphobenzide 


564 


ric acid 


227 


sp. gr. of 


116 


Sulphobenzolic acid 


564 


of isomorphous bodies 


37 


superheated 


126 


Sulphocarbonates 


273 


of liquefaction of gases 


73 


Stearates 


575 


Sulphocyanides 


271 


of magnetics and dia- 




Stearine 


575 


Sulphocyanogen 


270 


magnetics 


294 


Stearopten 


567 


Sulphoglyceric acid 


576 


of magnetism of gases 


78 


Steatite 


339 


Sulphonaphthalates 


563 


of metals 


289 


Steel 


362 


Sulphosinapisine 


569 


their expansion 


391 


alloys 


364 


Sulphovinates 


551 


of fusibility of metals 


393 


blistered 


363 


Sulphur 


196 


specific gravity 


291 


cast 


363 


allotropism of 


198 


specific heat 


393 


natural 


562 


bromides of 


214 


tenacity 


291 


shear 


363 


chlorides of 


214 


of non-metallic ele- 




tempering of 


363 


compounds of, with 




ments 


72 


tilted 


363 


oxygen 


199 


of simple and compound 


Stibamine 


620 


density of vapor 


199 


gases and vapors 


680 


Stibium 


426 


estimation of, in or- ' 




of produce of charcoal 




Stick-lac 


571 


ganic bodies 


514 


from different woods 


239 


Stilbyl 


602 


flowers of 


197 


of protein compounds 


630 


Stinkstone 


833 


iodide of 


214 


of refractive powers 




Stone-blue 


523 


liver of 


202 


of gases 


78 


Stoneware 


345 


modifications, of 


198 


of solubility of gases 




Storm-glass 


30 


nitride of 


214 


in water 


130 


Stream tin 


379 


precipitated 


198 


of specific gravity of 




Strontia 


324 


tests for 


199 


fixed oils 


580 


oxalate of 


593 


Sulphuretted hydrogen 


210 


of gases and vapors 


680 


salts of 


324 


Sulphureous waters 


137 


of metals 


291 


tests for 


325 


Salphurets 


213 


of spirituous liquors 


642 


Strontium 


324 


Sulphuric acid 


203 


of alcoholic mixtures 


542 


chloride of 


325 


anhydrous 


206 


of solutions of ammc 




oxides of 


324 


densities of 


205 


nia 


166 


Structure of minerals 


33 


Nordhausen 


206 


of hydrochloric acid 


184 


Strychnia 


607 


manufacture of 


203 


of nitric acid 


162 


salts of 


607 


in organic bodies 
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venient size for use in the dissecting- room, — Med. 
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However valuable may be the '* Dissector's 
Guides" which we j of late, have had occasion to 



notice, we feel confident that the v/ork of Dr. A.iien 
is superior to any of them We believe with the 
author, that none is so fully illustrated as this, and 
the arrangement of the work is such as to facilitate 
the labors of the student. We most corditJly re- 
commend it to their attention.— Wes«er>i Lawoee. 



ANATOMICAL ATLAS. 
Bj Professors H. H. Smith and W. E. Horner of tbe University of PeansjI- 
Vasiia. i vol. 8vo., extra cloth, with nearly 650 illusirauons. ly See Smith, p. 26. 

ABEL (F, A.}^ F, G.S. AND C. L. BLOXAM. 
HANDBOOK OF CHEMISTRY, Theoretical, Practical, and TechEicaJ; with a 
Recommendatory Preface by Dr. Hoemann. In one large octavo volume, extra cloth, of 662 
pag-es, with illustrations. ^4 25. 

ASHWELL (SAMUEL), M.D,, 
Obstetric Physician and Lecturer to Guy's Hospital, London. 

A PRACTICAL TREATISE ON THE DISEASES PECULIAR TO WOMEN. 

Diustrated by Cases derived from Hospital and Private Practice. Third American, from the Third 
and revised London edition. In one octavo volume, extra cloth, of 528 pages. $3 50. 
The most useful practical work on the subject in j The most able, and certainly the most standara 
the English language.-- ^o^iow. Med. and -Swrg". and practical, work on female diseases that we have 
Jov^rnal. \ y^t f^^en. — Medico- Chirurgical Review. 



ARMOTT (NEILL), M. D. 

ELEMENTS OF PHYSICS; or Natural Philosophy, G-eaeral %nd Medical 
Written lor universal use, in plain or non-technical language. A new edition, by Isaac Hays, 
M. D> Complete in one octavo volume, leather, of 484 pages, with about two hundred illustra 
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BIRD (GOLDING), A. M.,-M. D., ^Cn 

URINARY DEPOSITS: THEIR DIAGNOSIS, PATHOLOGY, AND 

THERAPEUTICAL, INDICATIONS. Edited by Edmund Lloyd Bihkett, iW. D. A new 
American, from the last and enlarged London edition. With eighty illustrations on wood. In one 
handsome octavo volume, of a'30ut 400 pages, extra cloth. $3 Oa. 

Itcan scarcely be necessary for us to say anything 
of the merits of this well-known Treatise, wluchso 
admirably brings into practical application the re- 
sults of those microscopical and chemical re- 



searches regarding the physiology and patnoiogy 
of the urinary secretion, which havecontribuceu so 
much to tbe increase of our diagnostic powers, and 



to the extension and satisfactory employment of our 
therapeutic resources. In the preparation of this 
new f dition of his work, it is oDvioas that Dr. Gold- 
ing Bird has spared no pains to render it a faitnfal 
rCjirbsentation of the present state of scientific 
knowledge on the suoject U- eiabi'AQts.—B ritish mid 
Foreign Med.-Chir. Revieio. 
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Physician to Guy's Hospital, London, &c. 

A MANUAL OF THE PRACTICE OF MEDICINE. With Additions by D. 

F. CoNDiE, M. D., author of" A Practical Treatise on Diseases of Children," &c. In one hand- 
some octavo volume, extra cloth, of over 600 pages. $2 50. 
We recoramendDr. Barlow's Manual in the warm- I found it clear, concise, practical, and sound Bos- 

fiBt manner as a most valuable vade-mecum. We ton Med. and Surg. Journal, 

have had frequent occasion to consult it, and have j 
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AND TREATMENT OF FIBRO-BRONCHI- 
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one 8vo. volume, extra cloth, pp. 150. $1 25 . , 

BRODIE'S CLINICAL LECTURES ON SUR, 
GERY. 1 vol. 8vo. cloth. 350pp. $125 
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ON BISSASES OF THE LIVEE. Third American, from the third md 

enlarged London edition. In one very handsome octavo volume, extra cloth, with four beauti- 
fully colored plates, and numerous wood-cuts. pp.500. $3 75. 



Has fairly established for itself a place among the 
classical medical literature of England. — British 
and Foreign Medico-Chir. Revieiv. 

Dr. Budd's Treatise on Diseases of the Liver is 
now a standard work in Medical literature, and dur- 
ing the intervals which have elapsed between the 
successive editionsj the author has incorporated into 



the text the most striking novelties which have cha- 
racterized the recent progress of hepatic physiology 
and pathology: so thatalttioughthe sW-e of the book 
is not perceptibly changed, the history of liver dis- 
eases is made more complete, and is kept upon a level 
with the progress of modern science. It is the besi; 
work on Diseases of the Liver in any language. ■— • 
LoTidon Med. Times and Gazette. 
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a Plate. In ore handsome octavo volume, of 536 pages, extra cloth. $4 00. 
The increase oi mental disease in its various forms, and the difficult questions to which it is 
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the physician a constantly greater familiarity with this, the most perplexing branch of his profes- 
sion. Yet until the appearance of the present volume there has been for some years no work ac» 
cessible in this country, presenting the results of recent investigations in the Diagnosis and Prog- 
nosis of Insanity, and the greatly improved methods of treatment which have done so muck in 
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many years I have devoted to the study of uterine disease." 

BROWN (ISAAC BAKER), 

Surgeon- Accoucheur to St. Mary's Hospital, &c. 

ON SOME DISEASES OF WOxMEN ADMITTINa OF SURGICAL TREAT- 

MENT. With handsome illustrations. One vol. 8vo., extra cloth, pp. 276. $160. 



Mi. Brown has earned for himself a high reputa- 
tion in the operative treatment of sundry diseases 
and injuries to which females are peculiarly subject. 
We can truly say of his work that it is an important 
addition to obstetrical literature. The operative 
suggestions and contrivances which Mr. Brown de- 
scribes, exhibit much practical sagacity and skill, 



and merit the careful attention of every surgeoil- 
accoucheur. — Association Journal. 

We have no hesitation in recommending this book 
to the careful attention of all surgeons who make 
female complaints a part of their study and practice, 
— Dublin Quarterly Journal, 



BOWMAN (JOHN E.), M.D. 

PRACTICAL PIANDBOOK OF MEDICAL CHEMISTRY. Edited by C. 

L. Bloxam. Third American, from the fourth and revised English Edition. In one neat volume, 
royal I'imo., extra cloth with numerous illustrations, pp.351. $200. (iVbwJ^ea^, May, 1863.) 



ject in view lucidly detailed and explained. And 
this new edition is not merely a reprint of the last. 
With a laudable desire to keep the book up to tiie 
scientific mark of the present age, every improve- 
ment in analytical method has been inirodueed. la 
conclusion, we would only say that, familiar from 
long acquaintance with each page of the former 
issues of this little book, we gladly place beside 
them another presenting so many acceptable im- 
provements and additions.— -Dw^Hn Medical Press. 



Of this well-known handbook we may say that 
it retains all ir.s old simplicity and clearness of ar- 
rangement and description, whilst it has received 
from the able editor those finishing touches which 
the progress of chemistry has rendt red necessary — 
London Med. Times and Gazette, Nov. 29, 1862. 

Nor is anything huiried over, anything shirked; 
open the book where you will, you find the same 
careful treatment of the subject manifested, ana the 
best process for the attainment of the particular ob- 

BY THE SAME AUTHOR. 

INTRODUCTION TO PRACTICAL CHEMISTRY, INCLUDING ANA- 

LYSIS. Third American, from the third and revised London edition. With numerous illus- 
trations. In one neat vol., royal 12mo., extra cloth. SV. 00 {Just Ready.) 
This favorite little manual has received a very thorough and careful revision at the hands of a 
competent editor, and will be found iuily brought up to the present condiiion of chemical science. 
Many portions have been rewritten, the subjects of the blow-pipe and volumetric analysis have re- 
.,ceived special attention, and an additional chapter has been appended. Students of practical chem- 
jistry wiil therefore find it, as heretofore, a most convenient and condensed text-book and guide in 
>;the operations of the laboratory. . 



BEA-LE ON THE LAWS OF HEALTH IN RE- I 
LATION TO MIND AND BODY. A Series of | 
Letters from an old Practitioner to a Patient. In I 
one volumcj royal 12mo., extra cloth, pp. 296. 
JO eients. 1 



iUSHNAN'S PHYSIOLOGY OF ANIMAL AND 
VEGETABLE LIFE; a Popular Treatise on the 
Functions and Phenomena of Organic Life. In 
one handsome royal .12m.o. Awlumcj extra cloth, 
with over 100 iiiasti ti,**^ v ^ ^' 80 cents. 



AMD SCIEMTIFIC PUBLICATIONS. 



BUMSTEAD (FREEMAN JJ M . D., 
Lecturer on Venereal Diseases at the College of Piiysicians and Surgeons, New York, &c. 

THE PATHOLOaY AND TREATMENT OF VENEREAL DISEASES, 

including the results of recent investigations upon the subject. Second edition, thoroughly re- 
vised and much improved. With illustrations on wood. In one very handsome octavo volume, 
of about 700 pages. $4 ^S (Now Ready.) 



By far the most valuable contribution to this par- 
ticular branch of practice that has seen the light 
within the last score of years. His clear and accu- 
rate descriptions of the various forms of venereal 
disease, and especially the methods of treatment he 
proposes, are worthy of the highest encomium. In 
these respects it is better adapted for the assistance 
of the every-day practitioner than any other with 
which we are acquainted. In variety of methods 
proposed, in minuteness of direction, guided by care- 
ful discrimination of varying forms and complica 
tions, we write down the book as unsurpassed. It 
is a work which should be in the possession of every 
practitioner.— -,(7 /iicag-o Med. Journal. Nov. 1861. 

Tne foregoing admirable volume comes to us, em- 
bracing the whole subject of syphilology, resolving 
many a doubt, correcting and confirming many an 
entertained opiniori, and in our estimation the best, 
eompletest, fullest monogiaph on this subject in our 
language. As far as the author's labors themselves 
are concerned, we feel it a duty to say that he has 
not only exhausted his subject, but he has presented 
to usj without the slightest hyperbole, the best di- 
gested treatise on these diseases in our language 
He has carried its literature down to the prestnt 
moment, and has achieved his task in a manner 
which cannot but redound to his credit.^ — British 
American Jour?ial, Oct. 1S61. 

We believe this treatise v/ill come to be regarded 
as high authority in this branch of medicnl practice, 
and we cordially commend it to the favorable notice 
of our brethren in the profession. For our own part, 
we candidly confess that we have received n.any 
aev/ ideas from its perusal, as v^ell as modified many 
¥iews which we have long, and, as we now think. 
erroneously entertained on the subject of syphilis. 



To sum up all in a few words, this book is one which 
no practising physician or medical student can very 
well afford to do without. — American Med. Tirnes^ 
Nov. 2, 1861.' 

The whole work presents a complete history of 
venereal diseases, comprising much interesting and 
valuable material that has been spread through med- 
ical journals within the last twenty years — the pe- 
riod of many experiments and investigations on the 
subject — the wh^le carefully digested by the aid of 
the author's extensive personal experience, and 
offeied to the profession in an admirable form. Its 
completeness is secured by good plates, which are 
especially full in the anatomy of the genital organs. 
We have examined it with great satisfaction, and 
congratulate the medical profession in America on 
the nationality of a work that may fairly be sailed 
original. — Berkshire Bled. Journal^ Dec. 1B61. 

One thing, however, we are impelled to say, that 
we have met v/ith no other book on syphilis, in the 
Engiish language, which gave so full, clear, and 
impartial views of the important subj^^cts on wiiich 
it treats. We cannot, hov»?ever, refrain from ex- 
pressing our satisfaction with the full and perspicu- 
ous manner in which the subject has been presented, 
and the careful attention to, minute details, so use- 
ful—not to say indispensable — in a practical treatise. 
In conclusion, if we may be pardoned tbe use of a 
phrase now become stereotyped, but which we here 
employ in all seriousness and sincerity, we do not 
hesitate to express the opinion that Dr. Bumstead's 
Treatise on Venereal Diseases is a " work without 
which no medical library will hereafter be consi- 
dered comp\etG.''^~-Bosio'ii Med, and Surg. Journal^ 
Sept. 5, 1861. 



BARCLAY (A. W.), M. D., 
Assistant Physician to St. George's Hospital, &q. 

A MANUAL OF MEDICAL DIAGNOSIS; being an Analysis of the Signs 

and Symptoms of Disease. Third American from the second and revised London edition. In 
one neat octavo volume, extra cloth, of 451 pages. i3 50 {J test Ready.) 
The demand for a seoond edition of this work shows that the vacancy Which it attempts to sup- 
ply has been recognized by the profession, and that the eflbrts of the author to meet the want have 
been successful. The revision which it has enjoyed will render it better adapted than before to 
afford assistance to the learner in the prosecution of his studies, and to tlit: practitioner who requires 
a convenient and accessible manual for speedy reference in the exigencies of his daily duties. For 
this latter purpose its complete and extensive Index renders it especially valuable, offering facilities 
for immediately turning to any class of symptoms, or any variety of disease. 



The task of composing such a work is neither an 
easy nor a light one ; but Dr. Barclay has performed 
it in a manner which meets our most unqualified 
approbation. He is no mere theorist; he knows his 
work thoroughl)^, and in attempting to perform it, 
hasnotexceeded his powers. — British Med.. Journal . 

We venture to predict that the work will be de- 
Eervediy popular, and soon become, like Watson's 
Practice, an indispensable necessity to the practi- 
tioner. — N. A. Med. Jottrnal. 

An inestimable work of reference for the young 
practitioner and student. — Nashville Med. Journal. 



We hope the volume will have an extensive cir- 
culation, not among students of medicine only, but 
practitioners also. They will never regret a faith- 
ful study of itQ\)n.^eB.— Cincinnati Lancet. 

An important acquisition to medical literiture. 
It is a work of high merit, both from the vast im- 
por'ance of the subject upon which it treats, and 
also from the real ability displayed in ■t.s elabora- 
tion. In conclusion, let us bespeak for this volume 
that attention of every student of our art which it 
so richly deserves that place in evury medical 
library which it can so well adorn.- Peninsular 
Medical Journal. 



BARTLETT (ELSSHA), M. D. 

THE HISTOEY, DIAGNOSIS, AND TEBATMENT OF THE FEYBEB 

OF THE UNITED STATES. A new and revised editii^n. By Alonzo Clark , M. D., Prof. 

of Pathology and Practical Medicine in the N. Y. College of Physicians and Surgeons, &c. In 

one octavo volume, of six hundred pages, extra cloth. Price $4 00. 

stood deservectly high since its first publication. It 
will be seen that it has now reached its fourth edi- 
tion under the supervision of Prof. A. Clark, a gen- 



It is a work of great practical value and interest, 
containing much that is new relative, to the several 
diseases of which it treats, and, with the additions 
of the editor, is fully up to the times Thedistinct- 
ive features of the different forms of fever are plainly 
and forcibly portrayed, and the lines of demarcation 
carefully and accurately drawn, and to the Ameri- 
can practitioner is a more valuable and safe guide 
than any work on fever extant — Ohio Med. and 
Surg Journal, 

This excellent monograph on febrile disea^Ot has 



tleman who, from the nature of his studies and pur- 
suits, is well calculated to appreciate and discuss 
the many intricate and difficult questions in patho- 
logy. His annotations aua much to the interest ot 
the work, and have brought it well up to the condi- 
tion of the science as it exists at the present day 
in regard to this class of diseases.^— Sou fAe»» Med. 
a^idSurg. Jo%ir%Q,l. 



BLANCHARD & LEA'S MEDICAL 



BRANDE (WM. T.) D. C. L. 

Of her Majesty's Mint, Sec. 



AND ALFRED S. TAYLOR, M . D., F. R. 8. 

Professor of Chemistry and Medical Jurisprudence in 
Guy's Hospital. 



CHEMISTKY. In one handsome 8vo. volume of 696 pages, extra cloth. $4 25. 

" Having been engaged in teaching Chemistry in this Metropolis, the one for a period of forty, 
and the other for a period of thirty years, it has appeared to us that, m spite of the number of books 
already exi.>ting, there was room for an additional volume, which should be especially adapted for 
the use of students. In preparing such a volume for the press, we have endeavored to bear ia 
mind, that the student in the present day has much to learn, and but a short time at his disposal for 
the acquisition of this learning." — Authors' Preface. 

In reprinting this volume, its passage through the press has been superintended by a competent 
chemist, who has sedulously endeavored to secure the accuracy so necessary in a work of this 
nature. No notes or additions have been introduced, but the publishers have been favored by the 
authors with some corrections and revisions of the first twenty-one chapters, which have been duly 
inserted. 

In so progressive a science as Chemistry, the latest w^ork always has the advantage of presenting 
the subject as modified by the results of the latest investigations and discoveries. That this advan- 
tage has been made the most of, and that the work possesses superior attractions arising from its 
clearness, simplicity of style, and lucid arrangement, are manifested by the unanimous testimony 
of the Englit^h medical press. 



It needs no great sagacity to foretell that this ■book 
will be, literally, the Handbook in Chemistry of the 
student and practitioner. For clearness of language, 
accuracy of description, extent of information, and 
freedom from pedantry and mysticism of modern 
chemistry, no other text-book comes into competition 
with it. The result is a work which, for fulness of 
matter, for lucidity of arrangement, for clearness of 
style, is as yet without a rival. And long will it be 
without a rival. Por, although with the necessary 
advance of chemical knowledge addenda will be re- 
quired, there will be little to take away. The funda- 
mental excellences of the hook will remain, preserv- 
ing it for years to come, what it now is, the best guide 
to the study of Chemistry yet given to the world. — 
London Lancet, Dec. 20, 1862. 

Most assuredly, time has not abated one whit of the 
fluency, the vigor, and the clearness with which they 
not only have composed the work before us, but have, 
so to say, cleared the ground for it, by hitting right 



and left at the affectation, mysticism, and obscurity 
which pervade some late chemical treatises. Thus 
conceived, and worked out in the most sturdy, com- 
mon sense method, this book gives, in the clearest and 
most summary method possible, all the facts and doc- 
trines of chemistry, with more especial reference to 
the wants of the medical student. — London Ifedieal 
Times and Gazette, Nov. 29, 1862. 

If we are not very much mistaken, this book will 
occupy a place which none has hitherto held among 
chemists ; for, by avoiding the errors of previous au- 
thors, we have a work which, for its size, is certainly 
the most perfect of any in the English language. 
There are several points to be noted in this volume 
which separate it widely from any of its compeers- 
its wide application, not to the medical student only, 
nor to the student in chemistry merely, but to every 
branch of science, art, or commerce which is in any 
way connected with the domain of chemistry. — LotI' 
donMed. Review, Feb. 1863. 



BARWELL (RICHARD,) F- R. C. S., 

Assistant Surgeon Charing Cross Hospital, &,c. 



A TREATISE ON DISEASES OF THE JOINTS. Illustrated with engrav- 

ings on wood. In one very handsome octavo volume, of about 500 pages, extra cloth; $3 00. 

and faithful delineations of disease. — London 
Med. Times and Gazette^ Feb. 9, 1861. 
This volume will be welcomed, as the record of 



At the outset we may state that the work is 
worthy of much praise, and bears evidence of much 
thoughtful and careful inquiry, and here and there 
of no slight originality. We have already carried 
this -notice further than we intended to do, but not 
to the extent the work deserves. We can only add, 
that the perusal of it has afforded us great pleasure. 
The author has evidently worked very hard at his 
subject, and his investigations into the Physiology 
and Pathology of Joints have been carried on in a 
manner which entitles him to be listened to with 
attention and respect. We must not omit to men- 
tion the very admirable plates with which the vo- 
lume is enriched. We seldom meet with such strik- 



much honest research and careful investigation into 
the nature and treatment of a most important class 
of disorders. We cannot conclude this notice of a 
valuable and useful book without calling attention 
to the amountof&onajft'fe work it contains. It is no 
slight matter for a volume to show laborious inves- 
tigation, and at the same time original thought, on 
the part of its author, whom v e may congratulate 
on the successful completion of his arduous task. — 
London Lancet^ March 9, 1861. 



CARPENTER (WILLIAM 8.), M. D,, F. R. S., ^c, 

Examiner in Physiology and Comparative Anatomy in the University of London. 

THE MICKOSCOPE AND ITS REVELATIONS. With an Appendix cob- 

taining the Applications of the Microscope to Clinical Medicine, &c. By F. G. Smith, M. D. 

Illustrated by four hmidred and thirty-four beautiful engravings on wood. In one large and very 

handsome octavo volume, of 724 pages, extra cloth, $5 25. 

The great importance of the microscope as a means of diagnosis, and the number of microsco- 
pists who are also physicians, have iiaduced the American publishers, with the author's approval, to 
add an Appendix, carefully prepared by Professor Smith, on the applications of tiie instrument to 
clinical medicine, together with an account of American Microscopes, the:/ modifications and 
accessories. This portion of the work is illustrated with nearly one hundred wood-cuts, and, it is 
hoped, will adapt the volume more particularly to the use of the American student. 

Those who are acquainted with Dr. Carpenter's 
previous writings on Animal and Vegetable Physio- 



logy , will fully understand how vasta store of know- 
ledge he is able to bring to bear upon so comprehen- 
sive a subject as the revelations of the microscope ; 
and even those who have no previous acquaintance 
with the construction or uses of this instrument, 
will find abundance of information conveyed in clear 
ind simple language.— Med. Times and Gazette. 



The additions by Prof. Smith give it a positive 
claim upon the profession, for which we doubt not 
he will receive their sincere thanks. Indeed, we 
know not where the student of medicine will find 
such a complete and satisfactory collection of micro- 
scopic facts bearing upon physiology and practical 
medicine as is contained in Prof. Smith'e appendix; 
and this of itself, it seems to us, is fully worth the 
cost of the volume. — Louisville Medical Review. 



AMD SCIENTIFIC PUBLICATIONS. 



CARPENTER (WILLIAM BJ, M. D., F. R.. S., 

Ksaminer in Physiology and Comparative Anatomy in the University of London. 

FEINCIPLES OF HUMAN PHYSIOLOGY; with their chief applications U 

Psychology, Pathology, Therapeutics, Hygiene, and Forensic Medicine. A new American, from 
the last and revised London edition. With nearly three hundred illustrations. Edited, with addi- 
tions, by Francis Gurney Smith, M. D., Professor of the Institutes of Medicine in the Penns3d- 
vania Medical College, &c. In one very large and beautiful octavo voiumcj of about nine hundred 
large pages, handsomely printed, extra cJoth, S5 25 

To eulogize this great work would be superfluous . 
We should observe, however, that in this edition 
the author has remodelled a large portion of the 
former, and the editor has added much matter of in- 
terest, especially in the form of illustrations. We 
may confidently recommend it as the most complete 
work on Human Physiology in our language.— 
Southern Med. and Sttrg. Journal. 

The most complete work on the science in out 
language, — Am. Med. Journal. 

The most complete work now extant in our lan- 
guage. — N. O. Med. Register. 

The best text- book in the language on this ex- 
tensive subject. — London Med. Times. 

A complete cyclopsedia of this branch of science. 
— iY. Y. Med. Times. 

The profession of this country, and perhaps also 
of Europe, have anxiously and for some time awaited, 
the announcement of this new edition of Carpenter-s 
Human Physiology. His former editions have for 
many years been almost the only text-book on Phy- 
siology in all our medical schools, and its circula- 
tion among the profession has been unsurpassed by 
any work in any department of medical science. 

It is quite unnecessary for us to speak of this 
work as its merits would justify. The mere an- 
nouncement of its appearance will afford the highest 
pleasure to every student of Physiology, while its 
perusal will be of infinite service in advancing 
physiological science. — Ohio Med. and Surg. Journ, 



For upwards of thirteen years Dr. Carpencer's 
work has been considered by the profession gene- 
rally, both in this country and England, as the most 
valuable compendium on the subject of physiology 
in our language. This distinction it owes to the high 
attainments and unwearied industry of its accom- 
piislied author . The present edition (which , like the 
iast American one, was prepared by the author him- 
self) , is the result of such extensive revision, that it 
may almost be considered a new work. We need 
hardly say, in concluding this brief notice, that while 
the vv-ork is indispensable to every student of medi- 
eme in this country, it will amply repay the practi- 
tioner for its perusal by the interest and value of its 
contents. — Boston Med. and Siirg. Journal. 

This is a standard work — the text- book used by all 
medical students who read the English language. 
a has passed through several editions in order to 
keep pace with the rapidly growing science of Phy- 
siology. Nothing need be said in its praise, for its 
merits are universally known; we have nothing to 
say of its defects, for they only appear where the 
science of which it treats is 'm<iomplete.—Wesiern 
Lancet. 

Tke most complete exposition of physiology which 
any language can at present give. — Brit, and For. 
tMed.'Chirttrg. Review. 

The greatest, the most reliable, and the best book 
Oil the' subject which we know of in the English 
fan.guage. — Steth<}S€t}pe. 



BY THE SAMS AUTHOR. 

ELEMENTS (OE MANUAL) OF PHYSIOLOGY, INCLUBINa PHYSIO- 

LOGICAL ANA TOM F. Second American, frona a new and revised London edition. With 

one hundred and ninety illustrations. In one very handsome octavo volume, leather, pp. 566. 

^4 00. . 

in publishing the first edition of this work, its title was altered from that ot the London volumes 
by the substitution of the word " Elements" for that of " Manual," and with the author's sanction 
the title of " Elements" is still retained as being more expressive of the scope of the treatise. 

E¥ THE SAME AUTHOS,. 

PiimCIPLSS OF COMPARATIVE PHYSIOLOaY. New American, from 

tke Fourth and Revised London edition. In one large and handsome octavo volume, with over 
three hundred beautiful illustrations, pp. 752. Extra cloth, $5 00 

This book should not only be read but thoroughly 
studied by every member of the profession. None 
are too wise or old, to be benefited thereby. But 
especially to the younger class would we cordially 
commend it as best fitted of any work in the English 
language to qualify them for the reception and com- 
prehension of those truths which are daily being de- 
veloped in physiology. — Medical Counsellor. 

Without pretending to it, it is an encyclopedia of 
the subject, accurate and complete in all respects — 
a truthful reflection of the advanced state at wliich 
Che science has now a nive^.— Dublin Quarterly 
Journal of Medical Science. 

A truly magnificent work — in itself a perfect phy- 
siological study. — Ranking^ s Abstract. 

This work stands without its fellow. It is one 
f iw men in Europe could have undertaken ; it is one 



no man, we believe, could have brought to so suc- 
cessful an issue as Dr. Carpenter. It required for 
its production a physiologist at once deeply read in 
the labors of others, capable of taking a general, 
critical, and unprejudiced view of those labors, and 
of combining the varied, heterogeneoujs materials afe 
his disposal, so as to form an harmonious whole. 
We feel that this abstract can give the reader a very 
imperfect idea of the fulness of this work, and no 
idea of its unity, of the admirable mar ner in which 
material has been brought, from the most various 
sources, to conduce to its completeness-, of the lucid- 
ity of the reasoning it contains, or of the clearness 
of language in which the whole is clothed. Not the 
profession only, but the scientific world at large, 
must feel deeply indebted to Dr. Carpenter for this 
great work. It must, indeed, add Krgely even to 
his high reputation. — Medical Times. 

BY THE SAME AUTHOR. (Preparing.) 

FEINCIPLES OF QENEEAL PHYSIOLOGY, INCLUDINa ORGANIC] 

CHEMISTKY AND HISTOLOGY. With a General Sketch ol the Vegetable and Animal 
Kingdom. I^ one large and very handsome octavo volume, with several hundred illustrations. 

BY THE SAME ATITHOB,. 

A PRIZE ESSAY ON THE USE OF ALCOHOLIC LIQUORS IN HEALTH 

AND DISEASE. New edition, with a Preface by D. F. Condie, M. D., and explanatioMS @f 
scientific words. In Que neat 12mo. volume, extra cloth, pp. 178. 60 cents. 



BLANCHARD & LEA^S MEDIOAL 



COND8E (D. FJ, M. D., ^c. 

A PKAGTIGAL TEEATISB ON THE DISEASES OF OHILDEEN. Fifth 

edition, revised and augmented. In one large volume, 8vo., extra cloth, of over 750 pages. $4 00. 

In presenting a new and revised edition ot this favorite work, the publishers have only to state 
that the author has endeavored to render it in every respect "a complete and faithful exposition of 
the pathology and therapeutics of the maladies incident to the earlier stages of existence — a full 
and exact account of the diseases of infancy and childhood." To accomplish this he has subjected 
the w^hole work to a careful and thorough revision, rewriting a considerable portion, and adding 
several new chapters. In this manner it is hoped that any deficiencies which may have previously 
existed have been supplied, that the recent labors of practitioners and observers have been tho- 
roughly incorporated, and that in every point the work will be found to maintain the high reputation 
it has enjoyed as a complete and thoroughly practical book of reterence in infantile affections. 

A few notices of previous editions are subjoined. 

We pronounced the first edition to be the best 



Dr. Condie's scholarship, acumen, industry, and 
practical sense are manifested in this, as in all his 
numerous contributions to science. — Br. Holmes'' s 
Report to the American Medical Association. 

Taken as a whole, in our judgment. Dr. Condie's 
Treatise is the one from the perusal of which the 
practitioner in this country will rise witli the great- 
est satisfaction. — Western J ournal of Medicine and 
Surgery. 

One of the best works upon the Diseases of Chil- 
dren in the English language. — Western Lancet. 

We feel assured from actual experience that no 
physician's library can be complete without a copy 
ofthiswork. — N. Y . Journal of Medicine . 

A veritable paediatric encyclopaedia, and an honor 
to American medical literature. — Ohio Medical and 
Surgical Journal. 

Wefeel persuaded that the American medical pro- 
fession will soon regard it not only as a very good, 
but as the very best "Practical Treatise on the 
Diseases of Children." — American Medical Journal . 

In the 'department of infantile therapeutics, the 
work of Dr. Condie is considered one of the best 
which has been published in the English language. 
—The Stethoscope. 



work on the diseases of children in the English 
language, and, notwithstanding all that has been 
published, we still regard it in that light. — Medical 
Examiner. 

The value of works by native authors on the dis- 
eases w^hich the physician is called upon to combat, 
will be appreciated by all; andthe workof Dr. Con- 
die has gained for itself the character of a safe guide 
for students, and a useful work for consultation by 
those engaged in practice. — JV". Y. Med. Times. 

This is the fourth edition of this deservedly popu- 
lar treatise. During the interval since the last edi- 
tion, it has been subjected to a thorough revision 
by the author; and all new observations in the 
pathology and therapeutics of children have been 
included in the present volume. As we said before, 
we do not know of a better book on diseases of chil- 
dren, and to a large part of its recommendations wa 
yield an unhesitating concurrence.— jBwjf aZo Med. 
Journal. 

Perhaps the most full and complete work now be- 
fore the profession of the United States ; indeed, ws 
may say in the English language. It is vastly supe- 
rior to most of its predecessors. — Transylvania Med. 
Journal . 



CHRISTiSON (ROBERT), M. D., V. P. R. S. E., ^c. 

A DISPENSATORY; or. Commentary on the Pharmacopoeias of Great Britain 

and the United States ; comprising the Natural History, Description, Chemistry, Pharmacy, Ac- 
tions, Uses, and Doses of the Articles of the Materia Medica. Second edition, revised and im- 
proved, with a Supplement containing the most important New Remedies. With copious Addi- 
tions, and two hundred and thirteen large wood-engravings. By R. Eglesfeld Griffith, M. D. 
In one very large and handsome octavo volume, extra cloth, of over 1000 pages. $3 50. 



COOPER (BRANSBY BJ, F. R. S. 
LECTUEBS ON THE PRINCIPLES AND PRACTICE OE SURGERY. 

In one very large octavo volume, extra cloth, of 750 pages. |2 00. 



COOPER ON THE ANATOMY AND DISEASES 
OF THE BREAST, with twenty-five iVriscellane- 
ous and Surgical Papers. One large volume, im- 
perial 8vo., extra cloth, with 252 figures, on 36 
plates. -$3 00. 

COOPER ON THE STRUCTURE AND DIS- 
EASES OF THE TESTIS, AND ON THE 
THYMUS GLAND. One vol. imperial 8vo., ex- 
tra cloth, with 177 figures ou 29 plates. $2 50. 



CLYMER ON FEVERS; THEIR DIAGNOSIS, 
PATHOLOGY, AND TREATMENT. In ono 
octavo volume, leather, of 600 pages. $1 75. 

COLOMBAT DEL'ISERE ON THE DISEASES 
OF FEMALES,- and on the special Hygiene of 
their Sex. Translated, with many Notes and Ad- 
ditions, by C. D. Meigs, M. D. Second edition, 
revised and improved. In one large volume, oc- 
tavo, leather, with numerous wood-cuts. pp. 720. 
S3 75. 



CARSON (JOSEPH), M.D., 

Professor of Materia Medica and Pharmacy in the University of Pennsylvania 

SYNOPSIS OF THE COURSE OF LECTURES ON MATERIA ' MEMCA 

AND PHARMACY, delivered in the University of Pennsylvania. With three Lectures on 
the Modus Operandi of Medicines. Third edition, revised. In one handsome octavo volume 
{Now Ready.) $2 50. . 

CURLING (T. BJ, F.R.S.j 

Surgeon to the London Hospital, President of the Hunterian Society &c 

A PRACTICAL TREATISE ON DISEASES OF THE TESTIS, SPERMA- 
TIC CORD, AND SCROTUM. Second American, from the second and enlarged Eno-iish edi- 
Hon, In one handsome octavo volume, extra cloth, with numerous illustrations, pp. 420. ^2 00 
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CHyaCHILL {FLEETWOOD)^ M. D., M. R. !. A. 

ON THE THEOKY AND PHAOTIGE OF MIDWIFERY. A new American 

from the fourth revised and enlarged London edition. With Notes and Additions, by D. Francis 
CoNDiE, M. D.j author of a *' Practical Treatise on the Diseases of Children," &c. With 194 
illustrations. In one very handsome octavo volume, of nearly 700 large pages, extra cloth, $4 00. 

This work has been so long an established favorite, both as a text-book for the learner and as a 
reliable aid in consultation for the practitioner, that in presenting a new edition it is only necessary 
to call attention to the very extended improvements which it has received. Having had the benefit 
of two revisions by the author since the last American reprint, it has been materially enlarged, and 
Dr. Churchill's well-known conscientious industry is a guarantee thai every portion has been tho- 
roughly brought up with the latest results of European investigation in all departments of the sci- 
ence and art of obstetrics. The recent date of the last Dublin edition has not left much of novelty 
for the American editor to introduce, but he has endeavored to insert whatever has since appeared, 
together with such matters as his experience has shown him would be desirable for the American 
student, including a large number of illustrations With the sanction of the author he has added 
in the form of an appendix, some chapters from a little "Manual for Midwivej^ and Nurses," re- 
cently issued by Dr. Churchill, believing that the details there presented can hardly fail to prove of 
advantage to the junior practitioner. The result of all these aaditions is that the work now con- 
tains fully one-half more matter than the last American edition, with nearly one-half more illus- 
trations, so that not"v^athstanding the use of a smaller type, the volum^e contains almost two hundred 
pages more than before. 

No effort has been spared to secure an improvement in the mechanical execution of the work 
equal to that which the text has received, and the volume is confidently presented as one of the 
handsomest that has thus far been laid before the American profession; while the very low price 
at which it is offered should secure for it a place in every lecture-room and on every office table. 



A better book in which to learn these important 
points we havenot met than Dr. Churchill's. Every 
page of it is full of instruction ; the opinion of all 
Vt^riters of authority is given on questions of diffi- 
culty, as well as the directions and advice' of the 
learned author himself, to which he adds the result 
of statistical inquiry, putting statistics in their pro- 
per place and giving them their due weight, and no 
more. We have never read a book more free from 
professional jealousy than Dr. Churchill's. It ap- 
pears to be written with the true design of a book on 
medicine, viz : to give all that is known on the sub- 
ject of which he treats, both theoretically and prac- 
tically, and to advance such opinions of liis own as 
he believes will benefit medical science, and insure 
the safety of the patient. We have said enough to 
convey to the profession that this book of Dr. Chur- 
ciiill's is admirably suited for a book of reference 
for the practitioner, as well as a text-book for the 
student, and we hope it may be extensively pur- 
chased amongst our readers. To them we most 
sstrongly recommend it. — Dublin Medical Press. 

To bestow praise on a book that has received such 
marked approbation would be superfluous. We need 
only say, therefore, that if the first edition was 
thought worthy of a favorable reception by the 
medical public, we can confidently afRrm that this 
will be found much more so. The lecturer, the 
practitioner, and the student, may all have recourse 
to its pages, and derive from their perusal much in- 
terest and instruction in everything relating to theo- 
retical and practical midwifevy ,— Dublin Quarterly 
Journal of Medical Science . 

A work of very great merit, and such as we can 
confidently recommend to the study of every obste- 
tric practitioner. — London Medical Crazette . 

Few treatises will be found better adapted as a 
text-book for the student, or as a manual for the 
frequent consultation of the young practitioner.— 
American Medical Journal. 



Were we reduced to the necessity of having but 
me work on midwifery, and permitted to choose, 
we would unhesitatingly take Churchill. — Western 
Med. and Surg. Journal. 

It is impossible to conceive a more useful and 
elegant manual than Dr. Churchill's Practice of 
yiidwifery .— Provincial Medical Journal. 

Certainly, in our opinion, the very best work on 
he subject which exists. — N. Y. Annalist. 

No work holds a higher position, or is more de- 
serving of being placed in the hands of the tyro, 
the advanced student, or the practitioner. — Medical 
Examiner. 

Previous editions have been received with mark- 
ed favor, and they deserved it,* but this, reprinted 
from a very late Dublin edition, carefully revised 
and brought up by the author to the present timo, 
does present an unusually accurate and able expo- 
sition of every important particular embraced in 
the department of midwifery. * ^ The clearness, 
directness, and precision of its teachings, together 
with the great amount of statistical research which 
its text exhibits, have served to place it already in 
the foremost rank of works in this department of re- 
medial science. — N. O. Med. and Surg. Journal. 

In our opinion, it forms one of the best if not t e 
very best text-book and epitome of obstetric science 
which we at present possess in the English Isna- 
gusLge .—Monthly Journal of Medical Science. 

The clearness and precision of style in which it ia 
written, and the greatamount of statistical research 
which it contains, have served to place it in the first 
rank of works in this departmentof medical science. 
— N.Y. Journal of Medicine. 

This is certainly the most perfect system extant. 
It is the best adapted for the purposes of a text- 
book, and that which he whose necessities confine 
him to one book, should select in preference to all 
others. — Southern Medical and Surgical Journal. 

BY THE SAME AUTHOR. {Lately Published.) 

ON THE DISEASES OE INFANTS AND CHILDREN. Second American 

Edition, revised and enlarged by the author. Edited, with Notes, by W. V. Keating, M. D. In 

one large and handsome volume, extra cloth, of over 700 pages. $4 00. 

In preparing this work a second time for the American profession, the author has spared no 
labor in giving it a very thorough revision, introducing several new chapters, and rewriting others, 
while every portion of the volume has been subjected to a severe scrutiny. The efforts of the 
American editor have been directed to supplying such information relative to matters peculiar 
to this country as might have escaped the attention of the author, and the whole may, there- 
fore, be safely pronounced one of the most complete works on the subject accessible to the Ame- 
rican Profession. By an alteration in the size of the page, these very extensive additions have 
been accommodated without unduly increasing the size of the work. 

BY THE SAME AUTHOR. 

ESSAYS ON THE PUERPERAL F.EVER, AND OTHER DISEASES PE- 
CULIAR TO WOMEN. Selected from the writings of British Authors previous to the close oi 
the Eighteenth Century. In one neat octavo volume, extra cloth, of about 450 pages. ^2 50, 
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CHURCHiLL (FLEETWOOD), M, D., fVl . R. I. A., i^c. 
ON THE PISEASES OF WOMEN; inclndmg those of Pregnancy Mxd CMM» 
bed. A new American edition, revised by the Author. With Notes and Additions, by D FuAih^ 
CIS CoNDiE, M. D., author ot <' A Practical Treatise on the Diseases of ChildreD." With nume- 
rous illustrations. In one large and handsome octavo volume, extra cloth, of 768 pages. $4 00. 
This edition ol Die. Churchill's very popular treatise may almost be termed a aew vj^ork, so 
thoroughly has he revised it in every portion. It will be found greatly enlarged, and completely 
brought up to the rno.st recent condition of the subjeot, while the very han(h>*ome series of illustra- 
tions introduced, representiug such pathological conditions as can be accurately portrayed, presemt 
a novel feature, and afford valuable assistance to the young practitioner. Such additions as ap- 
peared desirable for the American student have been made by the editor, Dr. Condie, while '& 
marked improvement in the mechanical execution keeps pace with the advance in all other respects 
which the volume has undergone, while the price has been kept at the former very moderate rate. 

It comprises, unquestionably, one of the most ex- 
act and corflprehensive expositions of the present 
state of medical knowiedg-e in respect to thiS diseases 
of women that has yet been published, — Avi. Joiirn, 
Med. Sciences. 



This work is the most reliable which we possess 
on this subject; and is deservedly popular with the 
profession. — Charleston Med. Jotirnal.^ July, 1857. 

We know of no author who deserves that appro- 
bation, on ''the diseases of females,'-' to the same 



c:s.lQni that Dr. Churchill does. His, indeed, is tha 
only thorough treatise we know of on the subject f 
and it may be commended to practitioners and bIxv 
dents as a masterpiece m its particular deparimen.^. 
—Thi WesUrn Journal of Medicine and Surgery. 

As a comprehensive manual fox stucientSj or s 
work of reference for practitioners, it surpasses any 
other that has ever issued on the same subject fro-m 
the British press. — Dublin Q-uari . Jo-amai , 



DICKSON (S. H.), m. D.J 
Professor of Practice of Medicine in the Jeiferson Medical College, Philadelphia. 

ELEMENTS OE MEDICINE; a CompeBdious View of Pathologj and Tliem-^ 

peutics, or the History and Treatment of Diseases. Second edition, revised. In one large and 

handsome octavo volume, ol 750 pages, extra cloth. $3 75. 

The steady demand which has so soon exhausted the first edition of this work, sufficiently shows 
that the author was not mistaken in supposing that a volume of this character was needed — aa 
elementary manual of practice, which should present the leading principles of medicine with the? 
practical results, in a condensed and perspicuous manner. Disencumbered of unnecessary detail 
and fruitless speculations, it embodies what is most requisite for the student to learn, and at ihe 
same time what the active practitioner wants when obliged, m the daily calls of his profession, to 
refresh his memory on special points. The clear and attractive style of the author renders the 
whole easy of comprehension, while his long experience gives to his teachings an authority every- 
where acknowledged. Few physicians, indeed, have had wider opportunities for observation and 
experience, and few, perhaps, have used them to better purpose. As the result of a long life de- 
voted to study and practice, the present edition, revised and brought up to the date of publication^ 
will doubtless maintain the reputation already acquired as a condensed and convenient AmericaiQ 
text-book on the Practice of Medicine. 



DRUITT (ROBERT), M. R. G. S,, ^tc- 
THE PEINCIPLES AND PRACTICE OF MODERN SURGERY. A new 

and revised American from the eighth enlarged and improved London edition. Illustrated witli 

four hundred and thirty-two wood-engravings. In one very handsomely printed octavo volume 

of nearly 700 large pages, extra cloth, $4 00. 

A work which like Druitt's Surgeuy hws for so many years mamtamed the position of a lead- 
ing favorite with all classes of the profession, needs no special recommendation to attract attention 
to a revised edition. It is only necessary to state that the author has spared no pains to keep the 
work up to its well earned reputation of presenting in a small and convenient compass the latest 
condition of every department of surgery, considered both as a science and as an art; and that the 
services of a competent American editor have been employed to introduce whatever novelties may 
have escaped the author's attention, or may prove of service to the American practitioner. A^ 
several editions have appeared in London since the issue of the last American reprint, the volume 
has had the benefit of repeated revisions by the author, resulting in a very thorough alteration and 
improvement. The extent of these additions may be estimated from the fact that it now contains 
about one-third more matter than the previous American edition', and that notwithstanding the 
adoption of a smaller type, the pages have been increased by about one hundredj while nearly two 
hundred and fifty wood-cuts have been added to the former list of illustrations. 

A marked improvement will also be perceived hi the mechanical and artistical execution of the 
work, which, printed in the best style, on new type, and fine paper, leaves little to be desired as 
regards external finish ; while at the very low price affixed it will be found one of the cheapest 
volumes accessible to the profession. 



This popular volume, now a most comprehensive 
work on surgery, has undergone many corrections, 
improvements, and additions, and the principles and 
the practice of the art have been brought down to 
the latest record and observation. Of the operations 
in surgery it is impossible to speak too highly. The 
descriptions are so clear and concise, and the illus- 
brations so accurate and numerous, that the student 
can have no difficulty, with instrument in hand, and 
book by his side, over the dead body, in obtaining 
a proper knowledge and sufficient tact in this much 
neglected department of medical education. — British 
and Foreign Medico-Chirtirg , Review, Jan. 1S60 

In the present edition the author has entirely re- 
written many of the chapters, and has incorporated 
the various improvements and additions in modern 
surgery. On carefully going over itj we find that 



nothing of real practical importance has been omit- 
ted ; it presents, a faithful epitome of everything re- 
lating t > surgery up to the present hour. It is de- 
servedly a popular manual, both v/itli the studenS 
and practitioner. — London Lancet, Nov. 19, 1859. 

In closing this brief notice, we recommend as cor- 
dially as ever this most useful and comprehensive 
hand-book. It must prove a vast assistance, not 
only to the student of surgery, but also to the busy 
practitioner wlic may not have the leisure to devotjj 
himself to the study of more lengthy volumes.— 
London Med. Times and Gazette, Oct. 22, 1859. 

In a word, this eighth edition of Br. Druitt'is 
Manual of Surgery is all that the surgical student 
or practitioner could desire. — Dtiblin Quartsrl^ 
.Jo^irnal of M^d, Sciences^ Nov, 1859, 
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DALTON, JR. (J. C), M . D. 

Professor of Physiology in the College of Physicians, New York. 

A TREATISE ON HUMAN PHYSIOLOG-Y, designed for the use of Students 

and Practitioners of Medicine. Third edition, revised, with nearly three hundred illustrations 

on wood. In one very beautiful octavo volume, of 700 pages, extra cloth, $5 UO. {Just Ready ^ 

1864.) 

The rapid demand for another edition of this work sufficiently shows that the author has suc- 
ceeded in his efforts to produce a text-book of standard and permanent value, embodying- within 
a moderate compass all tliat is definitely and positively known within the domain of Human 
Physiology. His high reputation as an original observer and investigator, is a guarantee that in 
again revising it he has introduced whatever is necessary to render it thoroughly on a level with 
the ad\/anced science of the day, and this has been accomplished without unduly increasing the 
size of the volume. 

No exertion has been spared to maintain the high standard of typographical execution which has 
rendered this work admittedly one of the handsomest volumes as yet produced in this country. 

own original views and experiments, together with 



It will be seen, therefore, that Dr. Dalton's best 
efforts have been directed cowards perfecting his 
work. The additions are marked by tiie same fea- 
tures which characterize the remainder of the vol- 
ume, and render it by far the most desirable text- 
book on physiology to place in the hands of the 
student which, so far as we are aware, exists in 
the English language, or perhaps in any other. We 
therefore have no hesitation in recommending Dr. 
.Dalton's book for the classes for which it is intend- 
ed, satisfied as we are that it is better aciapted to 
their use than any other work of the kind to which 
they have access. — Ariiericmi Journal of the Med. 
Sciences^ April, 1861. 



a desire to supply what he considered some deficien- 
cies in the first edition, have already made the pre- 
sent one a necessity, and it w^ill no doabt be even 
more eagerly sought for than the first. That it is 
not merely a reprint, will be seen from the author's 
statement of the fol'owing principal additions and 
alterations which he has made. The present, iilce 
the first edition, is printed in the highest style of the 
printer's art, and the illustrations are truly admira- 
ble tor their clearness in expressing exactly what 
their author intended. — Boston Medical and Surgi- 
cal Journal., March 28, 1861. 



It is unnecessary to give a detail of the additions ; 
It is, therefore, no disparagement to the many i suffice it to say, that they are numerous and import- 
books upon physiology, most excellent in their day, ' "'^'^ "-^'^ """'- "" '"■" -"-'^"- ^u^.-..^^i. ..f^n v^,«^. 
to say that Dalton's is the only one that gives us the 



cscienee as it was known to the best philosoph 
throughout the world, at the beginnmg of the cur- 
rent year. It states in comprehensive but concise 
diction, the facts established by experiment, or 



ant, and such as will render the work still more 
valuable and acceptable to the profession as a learn- 
ed and original treatise on this all -important branch 
of medicine. All that was said in commendation 
of the getting up of the first edition, and the superior 
style of the illustrations, apply with equal force to 



other method of demonstration, and details, in an I this. No better work on physiology can be placed 
understandable manner, how it is done, but abstains I in the hand of the student. — St. Louis Medical and 



from thediscQSsion of unsettled or theoretiealpoints. 
Herein it is unique; and these characteristics ren- 
der it a text-book without a rival, for those who 
desire to study physiological science as it is known 
to its most successful cultivators. And it is physi- 
ology thus presented that lies at the foundation of 
correct pathological knowledge ; and this in turn is 
the basis of rational therapeutics ; so that patholo- 
gy, in fact, becomes of prime importance in the 
proper discharge of our every-day practical duties. 
■ — Cincinnati Lancet., May, 1861. 

Dr. Dalton needs no word of praise from us. He 
is universally recognized as among the first, if not 
the very fi 1 St, of American physiologists now living . 
The first edition of his admirable work appeared but 
two years since, and the advance of science, his 



Surgical Journal., May, 1861. 

These additions, while testifying to the learning 
and industry of the author, render the book exceed- 
ingly useful, as the most complete expose of a sci- 
ence, of which Dr. Dalton is doubtless the ablest 
representative on this side of the Atlantic. — 'New 
Orleans Med. Times, May, 1861. 

A second edition of this deservedly popular work 
having been called for in the short space of two 
years, the author has supplied deficiencies, which 
existed in the former volume, and has thus more 
completely fulfilled his design of presenting to the 
profession a reliable and precise text- book, and one 
which we consider the best outline on the subject 
of which it treats, m any language. — N. American 
Medico- C Mr urg. Review, May, 1861. 



DUNGLISON, FORBES, TWEEDIE, AND CONOLLY. 

THE OYCLOPJ^IBIA OF PEACTIGAL MEDICINE: comprising Treatises on 

the Nature and Treatment of Diseases, Materia Medica, and Therapeutics, Diseases of Women 
and Children, Medical Jurisprudence, &c. &;c. In four large super-royal octavo volumes, of 
3254 double-columned pages, strongly and handsomely bound, with raised bands. $14 00. 
*^=^ This work contains no less than four hundred and eighteen distinct treatises, contributed by 
sixty-eight distinguished physicians, rendering it a complete library of reference for the country 
practitioner. 

The editors are practitioners of established repu- 
tation, and the list of contributors embraces many 
of the most eminent professors and teachers of Lon- 
don, Edinburgh, Dublin, and Glasgow. It is, in- 
deed, the great merit oi this work that theprincipal 
articles have been furnished by practitioners who 
have not only devoted especial attention to the dis 
eases about which they have written, but have 
also enjoyed opportunities for an extensive practi- 
cal acquaintance with them and whose reputation 
carries the assurance of their competency justly to 
appreciate the opinions of others, while it stamps 
their own doctrines wit^ high andjust authority. — 
Am^erican Medical .Tournal . 



The most complete work on Practical Medicine 
extant; or, at least, in our language.— J5wjfaZ o 
Medical and Surgical Journal. 

For reference, it is above all price to every prac- 
titioner. — Western Lancet. 

One of the most valuable medical publications of 
She day — as a.. work of reference it is invaluable. — 
Western Journal of Medicine and Siirgery. 

It has been to us, both as learner and teacher, a 
work for ready and frequent reference, one in which 
Ffiodern English medicine is exhibited in the most 
advantageous light. — Medical Examiner. 



BEWEES'S COMPREHENSIVE SYSTEM OF 
MIDWIFERY. Illustrated by occasional cases 
and many engravings. Twelfth edition, with the 
author's last improvements and corrections Tn 
one octavo volume, extra cloth, of 600 pages. $3 50. 

PKWEES'S TREATISE ON THE PHYSICAL 



AND MEDICAL TREATMENT OF CHILD 
REN. The last edition. In one volume, octavo, 
extra cloth, 548 pages. S2 80 
DEWEES'S TREATISE ON THE DISEASES 
OF FEMALES. Tenth edition. In one volume, 
octavo extra cloth, 532 pages, with plates. S3 00, 
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DUNGLISON (ROBLEY), M.D,, 
Professor of Institutes of Medieine in the Jefferson Medical College, Philadelpiiia. 

EHLAHGED AMD REVISED EDITIOM OP 1865.^,^Jnst Heady.) 

MEDICAL LEXICON; a Dictionary of Medical Science^ containing a concise 
Explanation of the various Subjects and Terms of Anatomy, Physiology, Pathology, Hygieaej 
Therapeutics. Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and Den- 
tistry/ Notices of Climate and of Mineral Waters; Formulce for Officinal, Empirical, and Dietetic 
Preparations ; with the Accentuation and Etymology of i he Terms, and the French and other 
Synonymes; so as to constitute a P'ren* h a^ well as English Medical Lexicon. Thoroughly 
revised and very greatly m^^dified and augmented. In one very large and handsome royal 
octavo volume, of 1048 double-coiumned pageS; in small type ; strongly done up in extra cloth, 
$t) 00 ; leather, raised bands, ^6 75 

Preface TO THE New Edition. 
«' The author has again been required to subject his Medical Lexicon to a thorough revision. 
The progress of Medical Science, and the consequent introduction of new subjects and terms^ 
demanded this; and he has embraced the occa>ion to render more complete the etymohigy and 
accentuation of the terms^ On no previous revision has so much time and labor been expended by 
him. Some idea may be formed of this, from ihe fact, tl:^at although the page has been augmented 
in all its dimensions, not fewer than between sixty and seventy pages have been added. 

"As the author has remarked on former occasion?, it has ever been his ardent wish to make Ihe 
work a satisfaclory and desirable — if not i^dispen^able — lexicon, in which the inquirer may search, 
without disappointment, for every term that has been legitimated in the nomenclature of the science ; 
and he confidently presents this edition as having more claims on the attention of the practitioner 
and student than its predecessors. 

"Once more the auihor gladly seizes the opportunity afforded him to express hisgrateful acknow- 
ledgments for the vast amount of favor which has been extended to the Dictionary." 
January, 1S65. 
The object of the author from the outset has not been to make the work a mere lexicon or dic- 
tionary of terms, but to afford, under each a condensed view of its various medical relations, and 
thus to render the work an epitome of the existing condition of medical science. Starting with 
this view, the immense demand whic/i has existed for the work has enabled him, in repeated re- 
visions, to augment its completeness and usetulness, until at length it has attained the position of 
a recognized and standard authority wherever the language is spoken. This has only been accom- 
plished by the earnest determination to bring each successive eduion thoroughly on a level with 
the most advanced condition of contemporary medical science, and on no previous occasion has 
this demanded a more patient and laborious effort than in rendering the present edition fully equal 
to the wants of the student of the present day, and in no previous editions has the amount of new 
matter introduced been so large. While, therefore, the reader wbo merely desire>^ a vocabulary 
explaining the terms in common use can satisfy himself with the smaller works, such as Hoblyn's, 
the student and pracli'ioner who wish a work to which they can at all times refer with unfailing 
confidence for all which it is the province of such a book to supply, must still, as heretofore, keep 
the latest edition of " Dunglison's Dictionary" within reach. 

The mechanical execution of this edition will be found greatly superior to that of previous im- 
pressions. By enlarging the size of the volume to a royal octavo, and by the employment of a small 
but clear type on extra fine paper, the additions have been incorporated without materially increas- 
ing the bulk of the volume, and the matter of two or three ordinary octavos has been compressed 
into the space of one not unhandy for consultation and reference. 
A few notices of the previous edition are subjoined. 

author, and have furnished us with a volume indis- 
pensable at the present day, to all who would find 



This work, the appearance of the fifteenth edition 
of which it has become oar duty and pleasure to 
announce, is perhaps the most stupendous monument 
of labor and erudition in medical literature. One 
would hardly suppose after constant use of the pre- 
ceding editions, where we have never failed to find 
a sufficiently full explanation of ever> medical term, 
that in this edition '■^ abottt six thousand subjects 
and terms have been added,^^ with a careful revision 
and correction of the entire work. It is only neces- 
sary to announce the advent of this edition to make 
it occupy the place of the preceding one on the table 
of every medical man, as it is without doubt the best 
and most comprehensive work of the kind which has 
ever appeared.— ^t*^(aZo Med. Journ., Jan. 1858. 

The work is a monument of patient research, 
skilful judgment, and vast physical labor, that will 
perpetuate the name of the author more effectually 
than any possible device of stone or metal. Dr. 
Dunglison deserves the thanks not only of the Ame- 
rican profession, but of the whole medical world. — 
North Am. Medico-Chir. Review, Jan. 1858. 

A Medical Dictionary better adapted for the wants 
of the profession than any other with which we are 
acquainted, and of a character which places it far 
above comparison and competition.— -4m. Journ. 
Med. Sciences^ Jan. 1858. 

We need only say, that the addition of 6,000 new 
terms, with their accompanying definitions, may be 
said to constitute a new work, by itself. We have 
examined the Dictionary attentively, and are most 
happy to pronounce it unrivalled of its kind. The 
erudition displayed, and the extraordinary industry 
which must have been demanded, in its preparation 
and perfection, redound to the lasting credit of its 



themselves au niveau with the highest standard 
medical information. — Boston Medical a7id Surgical 
Totcrnal, Dec. 31, 1S57. 

Good lexicons and encyclopedic works generally, 
are the most labor-saving contrivances which lite- 
rary men enjoy ; and the labor which is required to 
produce them in the perfect manner of this example 
a something appalling to contemplate. The author 
tells us m his preface that he has added about sis 
thousand terms and subjects to this edition, which, 
before, was considered universally as the best work 
of the kind in any langViSLge.—SillimaTi^s Joiirnal^ 
March, 1858. 

A complete and thorough exponent of medical 
terminology, without rival or possibility of rivalry. 
—Nashville Journ. of Med. and Surg., Jan. 1858. 

It is universally acknowledged, we believe, that 
this work is incomparably the best and most com° 
plete Medical Lexicon in the English language. 
Comment and commendation are unnecessary, as no 
one at the present day thinks of purchasing any other 
Medical Dictionar) than this. — St. LottisMed. and 
Surg. Journ., Jan 1858. 

It is the foundation stone of a good medical libra- 
ry, and should always be included in the first list M 
books purchased by the medical student.— -4«z. M^d. 
Monthly, Jan. 1858. 

It is scarcely necessary to remark that any medi- 
cal library wanting a copy of Dunglison's Lexicon 
must be imperfect. — Cin. Lancet, Jan. 1858. 

The present edition we may safely say has no equal 
in the V70i\d.—Feninsiilar Med. Journal^ Jan. 1858» 
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DUNGLI80N (ROBLEY), M.D., 

Professor of Institutes of Medicine in the Jefferson Medical GollegCj Philadelphia. 

HUMAN PHYSIOLOaY. Bighth edition. Thoro-aghly revised and exten^ 

sively modiiied and enlarged, with five hundred and thirty-two illustrations. In two larg-e and 
liandsomely printed octavo volumes, extra cloth, of about 1500 pages. f7 00. 

hi revising this work lor its eigiith appearance, the author has spared no labor to render it worthy 
a cfontinuance of the very great favor which has been extended to it by the profession. The whole 
contents have been rearranged, and to a great extent remodelled ; the investigations which of late 
yearf? have been so numerous and so important, have been carefully examined and incorporated, 
and the work in every respect has been brought up to a level with the present state of the subject. 
The object of the author has been to render it a concise but comprehensive treatise, containing the 
whole body of physiological science, to which the student and man of science can at all times refer 
with the certainty of finding whatever they are in search of, fully presented in all its aspects ; and 
on no former edition has the author bestowed more labor to secure this result. 



We believe that it can truly be said, no more com- 
plete repertory of facts upon the subject treated, 
can anywhere be found. The author lias, moreover, 
t-.Iiat enviable tact at description and that facility 
and ease of expression -which render hint peculiarly- 
acceptable to the casual, or the studious reader. 
This faculty., so requisite in setting forth many 
graver and less attractive subjects, lends additional 
eharrns to one always fascinating. — Boston Med. 
^.nd Stcrg. Journal, 

The most complete and satisfactory system of 
Physiology in the English iangaage.— ^mer. Me«f . 

Journal . 



The best work of the kind in the English iaa- 
g-uage. — Silliman''s Journal. 

The present edition the author has made a perfect 
mirror of the science as it is at the present hour. 
As a -work upon physiology proper, the science of 
the functions performedby the body, the student will 
find it all he wishes, — Nashville Journ. of IVIed. 

That he has succeeded, most admirably succeeded 
in his purpose, is apparent from the appearance of 
an eighth edition. It is now the great qncyclopEedia 
on the subject, and -worthy of a place in every phy- 
sician's library .—Ifes^er^a Lancet, 



BY THE SAME AUTHOR. {A new edition,') 

SSNSEAL THERAPEUTICS AND MATERIA MEDIOA; adapted for a 

Medical Text-book. With Indexes of Remedies and of Diseases and their Remedies. Sixth 
Edition, revised and improved. With one hundred and ninety-three illustrations. In two large 
and handsomely printed octavo vols., extra cloth, of about 1100 pages. $8 50. 

In announcing a new edition of Dr. Dunglison's 
CJenerai Therapeutics and Materia Medica, we have 
no words of commendation to bestow upon a work 
whose merits have been heretofore so often and so 
justly extolled. It must not be supposed, however, 
that the present is a mere reprint of the previous 
edition; the character of the author for laborious 
research, judicious analysis, and clearness of ex- 
pression, is fully sustained by the numerous addi- 
tions he has made to the work, and the careful re- 
vision to which he has subjected the whole. — N. A. 
Medicii-'CM'Y , Review :^ Jan. 1858. 



The work will, we have little doubt, be bought 
and read by the majority of medical students; its 
size, arrangement, and reliability recommend it to 
all ; no one, we venture to predict, will study it 
without profit, and there are few to whom it will 
not be in some measure useful as a work of refer- 
ence. The-youn^ practitioner, more especially, will 
find the copious indexes appended to this edizion of 
great assistance in the selection and preparation of 
suitable ionxmXm. —Char lesion Med. Journ. and Re- 
view. Jan. 1858. 



B¥ THE SAME AUTHOH. {A new Edition.) 

SSYf BEMEBIES, WITH EOEMUL^ FOR TIIEIE PREPAEATIOM AND 

ADMINISTRATION. Seventh edition, with extensive Additions. In one very large octavo 
volume, extra cloth, of 770 pages. $4 00. 

The great learning- of the author, and his remark- 
able industry in pushing his researches into every 
source whence information is derivable, have enabled 
him to throw together an extensive mass of facts 
and statements, accompanied by full reference to 
authorities; which last feature renders the work 
practically valuable to investigators who desire to 
examine the original papers.— TAe American Joiitnal 
of Pharmacy. 



One of the most useful of the author's works.— 
B&'uthern Medical amd Surgical Journal. 

This elaborate and useful volume should be 
found in every medical library, for as a book of re- 
ference, for physicians, it is unsurpassed by any 
other work in existence, and the double index for 
tiseases and for remedies, will be found greatly to 
almnceits value.—- i^Tgi© Yoth Med. Gazette. 



ELLIS (BEISlJAMm), M. Do 
."E MEMOAL EOSMULARY: being a Gollectioa of Prescriptions/ cleriTed 

>m the writings and practice of many of the most eminent physicians of America and Europe. 

^gether with the usual Dietetic Preparations and Antidotes for Poisons. To which is added 
an "Appendix, on the Endermic use of Medicines, and on the use of Ether and Chloroform.. The 
whole accompanied v,^ith a few brief Pharmaceutic and Medical Observations. Eleventh edition, 
carefully revised and much extended by Robert P. Thomas, M. D., Professor of Materia Me- 
dica in the Philadelphia College of Pharmacy. In one volume, 8vo., of about 350 pages. $2 75. 
(Just Issued.) 

On no previous edition of this work has there been so complete and thorough a revision. The 
extensive changes in the new United States Pharmacopoeia have necessitated corresponding alter-: 
ations ni the Formulary, to conform to that national standard, while the progress made in the 
materia medica and the arts of prescribing and dispensing during the last ten years have been care- 
fully noted and incorporated throughout. It is therefore presented as not only worthy a continuance 
of the favor so long enjoyed, but as more valuable than ever to the practitioner and pharmapeutist. 
Those v/ho possess previous editions will find the additional matter of sufficient importance to 
warrant their adding- the present to their libraries. 
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ERJCHSEN (JOHN), 

Professor of Surofery in University College, LoJidon, &c. 

THE SCIENCE AND ART OE SUEGEEY; being a Treatise on Bumioai, 

Injuries, Diseases, and Opehations. New and im-pvoved American, from the second enlarged 
and carefully revised London edition. Illustrated witli over four hundred engravings on wood. 
In one large and handsome octavo volume, of one thousand closely printed pages, extra clo-tls^ 
S6C0. 

The very distinguished favor with which this work has been received on both sides of the xltlaD- 
tic has stimulated the author to render it even more worthy of the position which it has so rapidly 
attained as a standard authority. Every portion has been carefully revised, numerows additions 
have been made, and the niost watchful care has been exercised to render it a complete exponent 
of the most advanced condition of surgical science. In this manner the work has been enlarged by 
about a hundred pages, while the series of engravings has been increased by more than a hundredj 
rendering it one of ibe ?nost thoroughly illustrated volumes betore the profession. The additions o:l 
the author having rendered unnecessary most of the notes of the former American editor, but littfe 
has been added in this country; some few notes and occasional ilhistratioiis have, however, been 
introduced to elucidate Americasi njodes of practice, 

!t is, in our humble judgment, decidedly the best 
book of the kind ra the E^iigUsh language. Slrange 
thal jnst such hooks a^-e noloffener pradueed by pn.b 
lie teacher? of surgery in this country and Great 
Bfilahi Indeed, h is a riiatter of great astonishment. 



hut no less trae than astonishing, that of the many 
works on sargery repubhshed in this co^ntyy within 
the last fifteen or t-wenty yeare as text-books for 
medic h1 students, this is the only one that even ap- 
pro-Xiraaies to the fiilhlment of the peculiar wants of 
yo«ngraen ju.«r entering upon the &tady ©■f this branch 
of the profession. — Western Jf^wr .0/ Med. anrl Surgery . 
Its value is greatly enhanced by a very copious 
well-arranged index. We regard ^his as one of the 
most valuable contributions to modern sargery. To 
one entering his novitiate of practice, we regard ii 
the most serviceable guide vv'hich he can coiisiilt. He 
will ind a falness of detailieadinghim throLg-h every 



^lep of t'iie opexation, and not deserting him until th.^ 
Rrial issue of the ease is decided. — St-Moscope. 

Eml>Tacing; as will be perceived, llie wkole &\ixa:i- 
cal domain, and each division of itseff airftoat eom- 
plete and perfect, each chapter full and explicit, eac.ii- 
tiubject faithfuMy exhibited, we can only e.i' press ova 
estimate of it in the aggregate. We consider it ars 
excellent contribation to surgery, as probably thii 
best .single volume now extant on tire subject, arsd 
vs/itb great pleasure we add it to oar text-books. — 
NashviUs Journal o/Medidne mid Surg.sry. 

Prof. Erichsen's work, for its size, has not beeii 
surpassed; his nine hundred and eight pages, pro- 
fusely illustrated, are rich in physioiogica], patholo^ 
gicah and operative suggestions, doctrines, detaik, 
and processes ; and v/lil prove a reliable Tesouve« 
for information, both to physician and surgeon, ii'i ti?i* 
hour of peril.-- -iV. 0. Med.mhd Suyg. Joumeik 



FLINT (AUSTm), M. D.^ 
Professor of fche Theory and Practice of Medicine in the University of Louisville, &c, 

PHYSICAL EXPLOEATION AND DIAaNOSIS OF DISEASES AFFECT^ 

ING THE HESPIHATOKY OIIGANS. In one large and handsmne octavo vol:rtiiie, ext?B 
cloth, 636 pages. $4 00. 



A work of original observation of thehighest meri t 
We recommend the treatise to every one who wishes 
to become a correct auscultator. Based to a ver> 
large extent upon cases numerically examined, it 
carries the evidence of careful study and discrimina- 
tion upon every page. It does credit to the author, 
and through him, to the profession in this country 
Ifis, what" we cannot call every book upon auscul. 
tation, a readable book.— Jm. Jour. Med. Sciences 

BY THE SAME AUTHOR. (Now Ready.) 

A PRACTICAL TREATISE, ON THE DIAGNOSIS, PATHOLOGY, AND 

TREATMENT OF DISEASES OF THE HEABT. In one neat octavo volume, of about 
500 pages, extra cloth. $3 25. 



We regard it, in point both of arrangement and of 
the marked ability of its treatment of the subjects,, 
as destined to take the first rank in works of thia 
class. So far as oar information extends, it has at 
present no equal. To the practitioner, as well as 
the student, it will be invaluable in clearing up the 
diagnosis of doubtful cases, and in shedding light 
upon dif&cnltphenomeixsi.-— B tiff alo Bled. Joitrnai. 



We do no*- know that Dr. Flint has written any- 
thing which is not first rate ; but this, his latest con- 
tribution to medical literature, in our opinion, sur- 
passes all the others. The work is most comprehen- 
isive in its scope, and most sound in the views it enun- 
eiatois. The descriptions are clear and methodical ; 
the statements are substantiated by facts, and are 
made with such simplicity and sincerity, that with- 
out them they would carry conviction. The style 
is admirably clear, direct, and free from dryness 
With Dr. Walshe's excellent treatise before us, we 
have no hesitation in saying that Dr. Flint's book is 
the best work on the heart in the Finglish language. 
—Boston Med. and Surg. Journal. 

We have thus endeavored to present our readers 
with a fair analysis of this remarkable v/ork. Pre- 



ferring toemploy the very words of thedistinguished 
author, wherever it v/as possible, we have essayed 
to condense into the briefest space a general view of 
his observations and suggestions, and to direct the 
attention of our brethren to the abounding stores of 
valuable matter here collected and arranged for thein" 
use and instruction. No medical library will here- 
after he considered complete without this volume;, 
and we trust it will promptly find its way into thr 
hands of every Ameiican student and physician.- 
N. Am. Med. Chir. Review. 

With more than pleasure do we hail the advent 
this work, for it fills a wide gap ob the list of te.- 
books for our schools, and is, for the practitior 
the most valuable practical work of its kind.— iV 
Med. News. 



GRAHAM (THOMAS), F,R,S. 

THE ELEMENTS OF INORaANIG CHEMISTRY, including the Applies. 

tions of the Science in the Arts. New and much enlarged edition, by Henry Watts and Robiirt 
Bridges, M. D. Complete in one large and handsome octavo volume, ot over 800 very large 
pages, with two hundred and thirty-two v/ood-cnts, extra cloth, f 5 00. 

^^^v^ Part II., completing the work from p. 431 to end, with Index, Title Matter, &c., may b© 
bad separate, cloth backs and paper sides. Price $3 00. 



From Prof. F. N. Horsford, Harvard College. 

It has, in its earlier and less perfect editions, been 
familiar to me, and the excellence of its plan and 
the clearness and completeness of its discussions, 
have long been my admiration. 

No reader of English v/orka on this science can 



afford to be without this edition of Prof. Graham's 
Elements. — Silli'mmi's Jo«r^«Z, March, 1858. 

From Frof. Wolcott Gibbs.^ N, Y. Free Academy. 

The work is an admirable one in all respects, and 
its republication here cannot fail to exert a positiviS 
inliuence upon the progress of science in this couatry. 
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FOWNES (GEORGE), FN. D,, &e. 

A MANUAL OF ELEMENTARY CHEMISTRY; Theoretical- and Practical. 

With oiie hundred and ninety-seven illustrations. Edited by Robert Bridges, M. D. In one 

large royal 12mo volume, of 600 pages, extra cloth, $2 00. 

The death of the author having placed the editorial care of this work in the practised hands ot 
Drs. Bence Jones and A. W. Hoffman, everything has been done in its revision which experience 
eould suggest to keep it on a level with the rapid advance of chemical science. The additions 
requisite to this purpose have necessitated an enlargement of the page, notwithstanding which the 
work has been increased by about fifty pages. At the same time every care has been used to 
maintain its distinctive character as a condensed manual for the student, divested of all unnecessary 
detail or mere theoretical speculation. The additions have, of course, been mainly in the depart- 
ment of Organic Chemistry, which has made such rapid progress within the last few years, but 
yet equal attention has been bestowed on the other branches of the subjeet— Chemical Physics and 
laorganic Ghemistry-~to present ail investigations and discoveries of importance, and to keep up 
the reputation of the volume as a complete manual of the whole science, admirably adapted tor the 
learner. By the use of a small but exceedingly clear type the matter of a large octa^^o is compressed 
within the convenient and portable limits of a' moderate sized duodecimo, and at the very lov/ price 
affixed, it is offered as one of the cheapest volumes before the profession. 

The work of Dr. Fownes has lon^ been before 



Dr. Fov/nes' excellent work has been universally 
recognised evevy v/here in his own and ttiiscouuiry, 
as the best elementary treatise on chemistry in the 
English toiijsrue, and is very generally adopted, we 
believe, as the standard text- book in ail ( ur colleges, 
both literary and sQieRti^a.—Gharleston Med. jQurn. 
(Znd Re'ciew, 

A standard manu.a5 , which has long enjoyed the 
reputation of embodying much knowledge in a small 
space. The author has achieved the difficult task of 
condensation with masterly tact. His book is con- 
cise without being dry, and brief without being too 
dogmatical or general.— Virginiu Med. and Siergical 



the public, and its merits have been fully appreci- 
ated as the best text-book on chemistry nov/ m 
existence. We do not, of course, place it in a rank 
superior to the works of Brande, Graham, Turner, 
Gregory, or Gmelin, but we say that, as a work 
for students, it is prefera.ble to any of thern. — Lon- 
don Journal of Medicine. 

A v/ork well adapted to the wants of the student. 
It is an excellent exposition of the chief doctrines 
and facts of modern chemistry. The size of the work, 
and still more the condensed yet perspicuous style 
ifi. which it is written, absolve it from the charges 
very properly urged against most manuals termed 
popular. — Edinburgh Jo-Kmal of Medical Science. 



FISKE FUND PRIZE ESSAYS —THE EF- 
FECTS OF CLIMATE ON TUBERCULOUS 

DISEASE. By Edwin Lee, M.R.C.S , London, 
-and THE INFLUENCE OF PREGNANCY ON 
THE DEVELOPMENT OF TUBERCLES By 



Edward Warren, M.D., of Edenton,N. C. To- 
gether in one neat 8vo volume, extra cloth. SI 00, 
FRICK ON RENAL AFFECTIONS; their Diag- 
nosis and Pathology. With illustrations. Oats 
volume, royal 12mo.5 ext^a cloth. 75 ceiits. 



FERGUSSON (WILLIAM), F. R. S. 3 
Professor of Surgery in King's College, London, &c. 

A SYSTEM OF PKxiCTICAL SUEaEKY. Fourth American, from the third 
and enlarged London edition. In one large and beautifully printed octavo volumej ot about 700 
pages, with 393 handsom.e illustrations, leather. $3 50. 



QRtFFSTH (ROBERT E.), M. D., ^c- 
A UNIVERSAL FOSMULAUY, containing the methods of Preparing and Ad- 
ministering Officinal and other Medicines. The whole adapted to Physicians and Pharmaceu- 
tists. Second Edition, thoroughly revised, with nunnerous additions, by Uoeert P. Thomas, 
M. D., Professor of Materia Medica in the Philadelphia College of Pharmacy. In one large and 
handsome octavo volume, extra cloth, of 650 pages, double columns, $3 75. 

Itwa-sa worli requiring much perseverance, and j Thisis a vt^orkof six hundred and fifty- one page a, 

' -imbracing all on the sub.iecl of preparing and admi- 
iiislering medicines thai can be desired by the physi- 
eian and pharmaceulLst. — Western Lancet. 

The amountof useful, every-day matter, for a prac- 
tieing physician, is really immense.— Boston Med,, 
and Surg. Journal. 

This edition has been greatly improved by the re- 
vision and ample additions of Dr Thomas, and is 
now, we believe, one of the most complete works 
of its kind in any language. The additions amount 
to about seventy pages, and no effort has been spared 
to include in them all the recent improvements. A 
worli of this khid appears to us indispensable to the 
physician, and there is none we^can more cordiallv 
re.f.oTnmp.Vid~-N. Y. Journal of 'Mediciv&a. 



when published was looked upon as by far the best 
work of its kind that had issued from the American 
press. Prof Thomas has certainly "improved," as 
well as added to this Formulary, and has rendered it 
fsdditionaily deserving of the confidence of pharma- 
centisls and physicians. — Am: Journal of Pharmacy . 

We are happy to announce a new and improved 
edition of this, one of the most valuable and useful 
works that have emanated from an American pen. 
It would do credit to any country, and will be found 
of daily usefulness to practitioners of medicine; it is 
better adapted to their purposes than the dispensaio- 
yies. — Southern Med. and Surg. Journal. 

Itis one of the most useful books a country practi 

t-ionercan possibly have. — Medical Chronicle. 



GROSS (SAMUEL D.)s M, D. 

ProfeBBO'f of Surgery in the Jefferson Medical College of Philadelphia, &c. 

ELEMENTS OF PATHOLOaiOAL ANATOMY. Third edition, thoronghij 

revised and greatly improved. In one large and very handsome octavo volume, with about three 

hundred and fifty beautiful illustrationSj of which a large number are from original drawings, 

extra cloth. $4 00. 

The very rapid advances in the Science of Pathological Anatomy during the last few years have 
rendered essential a thorough modification of this work, with a view of making it a correct expo- 
nent of the present state of the subject. The very care/ui manner in which this task has been 
executed, and the amount of alteration which it has undergone, have enabled the author to say that 
" with the many changes and improvements now introduced, the work may be regarded almost as 
a new treatise," while the efforts of the author have been seconded as regards the mechaoical 
execution of the volumej rendering it one of the handsomest productions of the American press. 
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GROSS (SAMUEL DJj M. D. 5 

Processor of Surgery in the JeiFerson Medical College of Philadeiphiaj Soc. 

Enlarged Edition, How Ready. 

A SYSTEM OF SUKGERY : Pathological, Diagnostic, Therapentie; and Opera- 
tive. Illustrated by over Thirteen Hundrei) Engravungs. Third edition, much enlarged and 
carefully re^nsed In two large and beautifully printed royal octavo volumes, of 2200 pages ; 
leather. $15 00, (Now Ready.) 

The exhaustion within five years of two large editions of so elaborate and comprehensive 
a work as this is the best evidence that the author was not mistaken in his estimate of the 
want which existed of a complete American System of Surgery, presenting the science in all ita 
necessary details and in all its branches. That he has succeeded in the attempt to supply this want 
is shown not only by the rapid sale of the work, but also by the very favorable manner in which it 
has been received by the organs of the profession in this country and in Europe, and by the fact that 
a translation is now prepavmg in Holland — a mark of appreciation not often bestowed on any scien- 
tific work so extended in size. 

The author has not been insensible to the kindness thus bestowed upon his labors, and in revising 
!lie work for a third edition he has spared no pains to render it worthy of the favor with which it 
has been received. Ever}?- portion has been subjected to close examination and revision ; any defi- 
ciencies apparent have been supplied, and the results of recent progress in the science and art ol 
surgery have been every where introduced ; while the series of illustrations has been still further 
enlarged, rendering it one of the most thoroughly illustrated works ever laid before the profession. 
To accommodate these very extensive additions, the form of the work has been altered to a royal 
octavo, so that notwithstanding the increase in the matter and value of the book, its size wi i be found 
more convenient than before. Every care has been taken in the printing to render the typographical 
execution unexceptionable, and it is confidently expected to prove a work in every way worthy of 

place in even the most limited library of the practitioner or student. 



Has Br. Gross satisfactorily fvxifilled this object? 
A careful perusal of his volumes enables us to give 
an answer in the affirmative. Not only has he given 
to the reader an elaborate and v/ell-written account 
of his ovvn vast experience, bat he has not failed to 
embody in his pages the opinions and practice of 
surgeons in this and other countries of Europe. The 
result has been a work of such completeness, that it 
has no superior in the systematic treatises on sur- 
gery which have emanated from English or Conti- 
nental authors. It has been justly objected that 
these have been far from complete in many essential 
particulars, many of them having been deficient in 
some of the most important points which should 
characterise such works Some of them have been 
elaborate^ — too elaboiafce— with respect to certain 
diseases, while they have merely glanced at, or 
^iven an unsatisfactory account of, others equally 
important to the surgeon. Dr. Gross has avoided 
this error, and has produced the most complete work 
that has yet issued from the press on the science and 
practice of surgery. It is not, strictly speaking, a 
Dictionary of Surgery, but it gives to the reader all 
the information that he may require for his treatment 
of surgical diseases. Having said so much, it might 
appear superfluous to add another v/ord ; but it is 
only due to Dr, Gross to state that he has embraced 
the opportunity of transferring to his pages a vast 
number of engravings from English and other au- 
thors, illustrative of the pathology and treatment of 
!3urgical diseases. To these are added several hun- 
dred original wood-cats. The work altogether com- 
mends itself to the attention of BritisJti surgeons, 
from whom it cannot fail to meet with extensive 
patronage.— Lo5irfow Lancet, Sept, 1, 1860. 

Of Dr. Gross's treatise on Surgery we can say 
no more than that it is the most elaborate and com- 
plete work on this branch of the healing art which 
has ever been published in any country. A sys- 
tematic work, it admits of no analytical revlev/; 
but, did our space permit, we should gladly give 
some extracts from it, to enable our readers to judge 
of the classical styl-e of the author, and the exhaust- 
ing way in which each subject is treated. — Dullm 
Quarterly Journal of Med. Science. 

The work is so superior to its predecessors in 
matter and extent, as well as in illustrations and 
style of publication, that we can honestly recom- 
mend it as the best work of the kind to be taken 
home by the young practitioner. — Am. Med. Jouvn. 

With pleasure we record the completion of this 
long-anticipated work. The reputation which the 
author has for many years sustained, both as a sur- 
geon and as a writer, had prepared us to expect a 
treatise of great excellence and originality ; but we 



confess we were by no means prepared for the work 
which is before us — the most complete treatise upon 
surgery ever published, either in this or any other 
country, and we might, perhaps, safely say, the 
most original. There is no subject belonging pro- 
perly to surgery which has not received from the 
author a due share of attention. Dr. GrOss has sup- 
plied a want in surgical literature which has long- 
been felt by practitioners; he has furnished us with 
a complete practical treatise upon surgery in all its 
departments. As Americans, we are proud of the 
achievement; as surgeons, we are most sincerely 
thankful to him for his extraordinary labors in our 
behalf.— -iV. Y. Review and Buffalo Med. Journals 

The great merit of the work may be stated as 
follows. It presents surgical science as it exists 
at the latest date, with all its improvements ; and 
it discusses every topic in due proportion. No- 
thing is omitted, nothing is in excess,— -C/iicago 
Med. Examiner., May, 1860. 

We cannot close this brief notice of Dr, Gross's 
most valuable and excellent compendium of Sur- 
gery without again drawing attention to it, as we 
did in our notice of his first edition, as an evidence 
of the progress our American brethren are making 
towards establishing a literature of tiieir own.— 
Dtiblin Quarterly Joitrnal, Teb. 1863. 

It has been characterized by the representative 
press and by individual surgeons of the highest 
eminence, both at home and abroad, as " the best 
systemaiie work on surgery e'»er published in the 
English language ;^^ and that the profession at 
large have given substantial proofs of their agree- 
ment to this verdict, is sufRciently evident from the 
fact that translations into European languages have 
been called for, and that so shortly after its first 
appearance, and at a time most unfavorable to 
literary " enterprise,'- the Philadelphia publishers 
have found it pay to issue a " second edition, much 
enlarged and carefully revised." — American Med. 
Monthly, May, 1862 

We are much gratified to be able to announce a 
new edition of this Cyciopsedia of Surgery. Con- 
sidering the large size of the work and its expen- 
siveness, the extremely rapid sale and exhaustion 
of an entire edition, not only proves the valise of 
the work, and its adaptation to the wants of the 
profession, but it speaks well for the intelligence 
of American surgeons.— ^wsrieaTi Medical Times, 
May, 1862, 

A valuable and even necessary addition to every 
surgical library .—C hicago Med. Journ., Dec. 1859, 

A system of surgery which we think iinrivalled 
in our language.— -Briiis/i American Journal. 

BY THE SAME AUTHOR. 

A PTIACTICAL TREATISE ON FOREIGN BODIES IN THE AIIi-PAB» 

SAG-ES. In one handsome octavQ volume, extra cloth, with illustrations, pp. 468, ^2 75, 
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GROSS (SAMUEL D.), M. D., 
Professor of Surgery in the Jefferson Medical College of Philadelphia, &c. 

A PEACTICAL TKEATISE ON THE DISEASES, INJUEIES, AND 

MALFORMATIONS OF THE UEINARY BLADDER, THE PROSTATE GLAND, AND 
THE URETHRA. Second Edition, revised and much enlfirged, with one hundred and eighty- 
four illustrations. In one large and very handsome octavo volume, of over nine hundred pages, 
extra cloth, $4 00. 



Philosophical in its design, methodical in its ar- 
rangement, ample and sound in Its practical details, 
it may in truth be said to leave scarcely anything to 
be desired on so important a subject. — Boston Med. 
and Surg Journal. 

Whoever will peruse the vast amount of valuable 
practical information it contains, w^ill, we think. 



agree with us, that there is no work in the English 
language which can make any just pretensions to 
be its equal. — N. Y. Journal of Medicine . 

A volume replete with truths and principles of the 
atmost value in the investigation of these diseases.— 
American Medical Journal , 



GRAY (HENRY), F.R. S., 
Lecturer on Anatomy at St. George's Hospital, London, &c. 

ANATOMY, DESGEIPTIVE AND SURGICAL. The Drawings by H. Y. 

Carter, M. 13., late Demonstrator on Anatomy at St. George's Hospital; the Dissections jointly 
by the Author and Dr. Carter. Second American, from the second revised and improved 
London edition. In one magnificent imperial octavo volume, of over 800 pages, with 388 large 
and elaborate engravings on wood. Price in extra cloth, $7 GO ; leather, raised bands, $8 GO , 
The speedy exhaustion of a large edition of this work is sufficient evidence that its plan and exe- 
cution have been found to present superior practical advantages in facilitating the study of Anato- 
my. In presenting it to the profession a second time, the author has availed himself of the oppor- 
tunity to supply any deficiencies which experience in its use had shown to exist, and to correct 
any errors of detail, to which the first edition of a scientific work on so extensive and complicated 
a science is liable. These improvements have resulted in some increase in the size of the volume, 
while twenty-six new wood-cuts have been added to the beautiful series of illustrations which 
form so distinctive a feature of the work. The American edition has been passed through the press 
under the supervision of a competent professional man, who has taken every care to render it in 
all respects accurate, and it is now presented, without any increase of price, as fitted to maintain 
and extend the popularity which it has everywhere acquired. 

With little trouble, the busy practitioner whose 
knowledge of anatomy may have become obscured by 
want of practice, may now resuscitate his former 
anatomical lore, and be ready for any emergency. 
It is to this class of individuals, and not to the stu- 
dent alone, that this work will ultimately tend to 
be of most incalculable advantage, and we feel sat- 
isfied that the library of the medical man will soon 
be considered incomplete in which a copy of this 
work does not exist.— JVTaiiras Quarterly Journal 
o/ikre(i. Science, July, 1861. 

This edition is much improved and enlarged, and 
contains several new illustrations by Dr. Westma- 
eott. The volume is a complete companion to the 
dissecting-room, and saves the necessity of the stu- 
dent possessing a variety of" Manuals."— TAe Lon- 
don Lancet^ Feb. 9, 1861. 

The work before us is one entitled to the highest 
praise, and we accordingly welcome it as a valu- 
able addition to medical literature. Intermediate 
in fulness of detail between the treatises of Snar- 
pey and of Wilson, its characteristic merit lies in 
the number and excellence of the engravings it 
contains. Most of these are original, of much 
larger than ordinary size, and admirably executed. 
The various parts are also lettered after the plan 
adopted in Holden's Osteology. It would be diffi- 
cult to over-estimate the advantages offered by this 
mode of pictorial illustration. Bones, ligaments, 
muscles, bloodvessels, and nerves are each in turn 
figured, and marked with their appropriate names ; 
thus enab! ing the student to comprehend, at a glance, 
what would otherwise often be ignored, or at any 
rate, acquired only by prolonged and irksome ap- 
plication. In conclusion, we heartily commend the 



work of Mr. Gray to the attention of the medical 
profession, feeling certain that it should be regarded 
as one of the most valuable contributions ever made 
to educational literature. — JV. Y. Monthly Revieiv, 
Dec. 1859. 

In this view, we regard the work of Mr. Gray as 
far better adapted to the wants of the profession, 
and especially of the student, than any treatise on 
anatomy yet published in this country . It is destined, 
we believe, to supersede all others, both as a manual 
of dissections, and a standard of reference to the 
student of general or relative anatomy. — N. Y. 
Journal of Medicine., Nov. 1859. 

In our judgment, the mode of illustration adopted 
in the present volume cannot but present many ad- 
vantages to the student of anatomy . To the zealous 
disciple of Vesalius, earnestly desirous of real im- 
provement, the book will certainly be of immense 
value; but, at the same time, we must also confess 
that to those simply desirous of '* cramming" it 
will be an undoubted godsend. The peculiar value 
of Mr. Gray's mode of illustration is nowhere more 
markedly evident than in the chapter on osteology, 
and especially in those portions which treat of the 
bones of the head and of their development. The 
study of these parts is thus made one of comparative 
ease, if not of positive pleasure ; and those bugbears 
of the student, the temporal and sphenoid bones, are 
shorn of half their terrors. It is, in our estimation, 
an admirable and complete text- book for the student, 
and a useful work of reference for the practitioner; 
its pictorial character forming a novel element, to 
which we have already sufficiently alluded. — Am, 
Jownt. iVTet?. 5ci., July, 1859. 



GIBSON'S INSTITUTES AND PRACTICE OF 
SURGERY. Eighth edition, improved and al- 
tered. With thirty- four plates. In two handsome 
octavo volumes, containing about 1,000 pages, 
leather, raised bandi. $6 50. 

GARDNER'S MEDICAL CHEMISTRY, for the 
use of Students and the Profession. In one roya| 
12mo. vol., cloth, pp. 396, v/ith wood-cuts. SI. 

GLUGE'S ATLAS OF PATHOLOGICAL HIS- 
TOLOGY Translated, with Notes and Addi- 
tions, by Joseph Leidy, M. D. In one volume, 
very large imperial quarto, extra cloth, with 320 
copper- plate figures, plain and colored, S4 00. 

HUGHES' INTRODUCTION TO THE PRAC 



TICE OF AUSCULTATION AND OTHER 
MODES OF PHY'SICAL DIAGNOSIS, IN DIS- 
EASES OF THE LUNGS AND HEART. Se- 
cond edition 1 vol. royal I'imo., ex. cloth, pp. 
304 SI 00. 

HOLLAND'S MEDICAL NOTES AND RE- 
FLECTIONS. From the third London edition. 
In one handsome octavo volume, extra cloth. 
SB3 50. 

HORNER'S SPECIAL ANATOMY AND HIS- 
TOLOGY. Eighth edition. Extensively revised 
and modified. In two large octavo volumes, ex- 
tra cloth, of more than lOOOpageSj with over 30@ 
illustrations. $6 00. 
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HAMILTON (FRANK H.), M. D., 

Professor of Surgery in the Long Island College Hospital. 

A PEACTICAL TREATISE ON FRACTURES AND DISLOCATIONS. 

Second edition, revised and improved. In one large and handsome octavo volume, of over 750 
pages, with nearly 300 illustrations, extra cloth, |5 00. [Just Ready ^ May, 1863.) 

The earlv demand for a new edition of this work shows that it has been successful in securing 
the confidence of the profession as a standard authority for consultation and reference on its import- 
ant and difficult subject. In again passing it through the press, the author has taken the opportu- 
nity to revise it carefully, and introduce whatever improvements have been suggested by further 
experience and observation An additional chapter on Gun-shot Fractures will be found to adapt 
it still more fully to the exigencies of the time. 



Among the many good workers at surgery of whom 
America may now boast rot the leapt is Fran Ic Hast- 
ings Hamilton; and the volume before us is (we say 
it with a pang of wounded patriotism) the best and 
handiest book on tfie subject in the Eriglish lan- 
guage. It is in vain to attempt a review of it; 
nearly as vain to seek for any sins, either of com- 
mission or omission. We have seen no work on 
practical surgery -whieb vfe would sooner recom- 
mend to our brother surgeons, especially those of 
'^ the services," or those whose practice lies in dis- 
tricts where a man has. necessarily to rely on his 
own unaided resources. The practitioner will find 
in it directions for nearl;^ every possible accident, 
easily found and comprehended; and much pleasant 
reading for him to muse over in the after considera- 
tion of his cases. — Edinburgh Med. Journ Feb 1861. 

This is a valuable contribution to the surgery of 
most important affections, and is the more welcome, 
inasmuch as at the present time we do not possess 
a Single complete treatise on Fractures and Dislo- 
cation sin the English language. It has remained for 
our American brother toproduce a complete treatise 
upon the subject, and bring together in a convenient 
form those alterations and improvements that have 
been made from time to time in the treatment of these 
affections. One great and valuable feature in the 
work before us is the fact that it comprises all the 
Improvements introduced into the practice of both 
Enff^lish and American surgery, and though far from 
omitting mention of our continental neighbors, the 
author by no means encourages the notion — but too 
prevalent in some quarters— that nothing is good 
unless imported from France or Germany. The 
latter half of the work is devoted to the considera- 
tion of the various dislocations and their appropri- 
ate treatment, and its merit is fully equal to that of 
the preceding portion. — The London Lancet, M.a.y 5, 
1860. 

It is emphatically the book upon the subjects of 
which it treats, and we cannot doubt that it will 
continue so to be for an indefinite period of time. 



When we say, however, thnt we believe it will at 
once take its place as the best book for consultation 
by the practitioner; and that it will form the most 
complete, available, and reliable guide in emergen- 
cies of every nature connected with its subjects; and 
also that the student of surgery may make it his text- 
book wit".h entire confidence, and with pleasure also, 
from Its agreeable and easy style — weMiink our own 
opinion may be gatliered as to its value. — Boston 
Medical and Surgical Journal, March 1, I860. 

The work is concise, judicious, and accurate, and 
adapted to the wants of the student, practiticner, 
and investigator, honorable to the author and to ihe 
profession. — Chicago Med. Journal, March, 1860. 

We regard this work as an honor not only to its 
author, but to the profession of our country. Were 
we to review it thoroughly, we could not convey to 
the mind of ihe reader more forcibly our li<mtst 
opinion expressed in the few words — we think itthe 
best book ol its kind extant. Every man interested 
in surgery will soon have this work on his desk. 
He who does not, will be the loser. — New Orleans 
Medical News, March, 1860. 

Dr. Hamilton is fortunate in having succeeded in 
filling the void, so long felt, with what cannot fail 
to be at once accepted as a model monograph in some 
respects, and a work of classical authority. We 
sincerely congratulate the profession of the United 
States on the appearance of such a publication from 
one of their number. We have reason to be proud 
of it as an original work, both in a literary and sci- 
entific point of view, and to esteem it as a valuable 
guide in a most difficult and important branch of 
study and practice. On every account, therefore, 
we hope that it may soon be widely known abroad 
as an evidence of genuine progress on this side of 
the Atlantic, and further, that it may be still more 
widely known at home as an authoritative teacher 
from which everyone may profitably learn, and as 
affording an example of honest, well-directed, and 
untiring industry in authorship which every surgeon 
may emulate.- Am. Med. Journal, April, 1860. 



HODGE (HUGH L.), M.D,, 
Professor of Midwifery and the Diseases of Women and Children in the University of Pennsylvania, &e, 

ON DISEASES PECULIAR TO WOMEN, iDcluding Displacements of the 
CJterus. With original illustrations. In one beautifully printed octavo volume, of nearly 500 
pages, extra cloth. ^3 50. 
We will say at once that tne work fulfils its object [recur — these, taken in connection with the entire 



capitally well^ and we will moreover venture the 
assertion that it will inaugurate an imnroved prac- 
tice throughout this whole country. The secretsof 
the author's success are so clearly revealed that tlie 
attentive student cannot fail to insure a goodly por- 
tion of similar success m his own practice. It is a 
credit to all medical literature; and we add, that 
the physician who does not place it in his library, 
and who does not faithfully con its pages, will lose 
a vast deal of knowledge that would be most useful 
to himself and beneficial to his patients. It is a 
practical work of the highest order of merit; and it 
will take rank as such immediately. — Maryland and 
Virginia Medical Journal, Feb. 1661. 

This contribution towards the elucidation of the 
pathology and treatment of some of the diseases 
peculiar to women, cannot fail to meet with a favor 
able reception from the medical profession. The 
character of the particular maladies of which the 
work before us treats; their frequency, variety, and 
obscuiity ; the amount of malaise and even of actual 
suffering by which they are invariably attended; 
their obstinacy, the difficulty with which they are 
overcome, and their disposition again and again to 



competency of the author to render a correct ac- 
".ount of their nature, their causes, and their appro- 
priate management — his ample experience, his ma» 
tured judgment, and his perfect conscientiousness — 
invest this publication with an interest and value to 
which few of the medical treatises of a recent date 
can lay a stronger, if, perchance, an equal claim.— 
Am. Journ. Med. Sciences, Jan. 1861. 

Indeed , although no' part of the volume is not emi- 
nently deserving of perusal and study, we think that 
the nine chapters devoted to this subject, are espe- 
cially so, and we know of no more valuable mono- 
graph upon the symptoms, prognosis, and manage- 
ment of these annoying maladies than is constituted 
by this part of the work. We cannot but regard it 
as one of the most original and m )st practical works 
of the day ; one which every accoucheur and physi- 
ciaa should most carefully read; for we are per- 
suaded that he will arise from its perusal Vt^ith new 
ideas, which will induct him into a more rational 
practice in regard to many a suffering female, who 
may have placed her health in his hands.-— British 
American Jour 7ial ^ F eb . 1861 . 



The illustrations, which are all original, are drawn to a uniform scale of one-half the natural size. 
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HODGE (HUGH L.), M. D., 

Late Professor of Midwifery, &c., in the TJniver.^ity of Pennsylvania. 

PRmCIPLES AND PRACTICE OF OBSTETRICS. In one large quarto 

volume of 07er 550 pages, with one hundred and fifty-eight figures on thirty two beautifully exe- 
ciiled lithographic plates, and numerous wood-cuts in the text. $14 00. (Now Ready.) 
This work, embodying the results of an extensive practice for more than forty years, cannot fail 
to prove of the utmost value to all who are engaged in this department of medicine. The author!s 
position as one of the highest authorities on the subject in this country is well known, and the fruit 
of his ripe experience and long observation, carefully matured and elaborated, must serve as an 
invaluable text-book for the student and an unfailing counsel for the practitioner in the emergencies 
which so frequently arise in obstetric practice. 

The illustrations will form a novel feature in the work. The lithographic plates are all original, 
and to insure their absolute accuracy they have all been copied from photographs taken expressly 
for the purpose. In ordinary obstetrical plates, the positions of the foetus are represented by dia- 
grams or sections of the patient, which are of course purely imaginary, and their correctness is 
scarcely more than a matter of chance with the artist. Their beauty as pictures is thereby increased 
without corresponding utility to the sturlent, as in practice he must for the most part depend for his 
diagnosis upon the relative positions of the foetal skull and the pelvic bones of the mother. It is, 
therefore, desirable that the points upon which he is in future to rely, should form the basis of his 
instruction, and consequently in the preparation of the.-e illu:*trations the skeleton has alone been 
used, and the aid of photography invoked, by which a series of representations has been secured of 
the strictest and most rigid accuracy. It is easy to recognize the value thus added to the very full 
detai's on the subject of the Mechanism of Labour with which the work abounds 

it may be added that no pains or expense will be spared to render the mechanical execution of the 
volume worthy in every respect of the character and value of the teachings it contains. 



HABERSHON (S. O.), M. D., 

Assistant Physician to and Lecturer on Materia Medica and Therapeutics at G-uy's Hospital, &c. 

PATHOLOGICAL AND FEACTICAL OBSERVATIONS ON DISE.lSES 

OF THE ALIMENTARY CANAL, OESOPHAGUS, STOMACH, C^CUM, AND INTES- 
TINES. With illustrations on w^ood. In one handsome octavo volume of 312 paget^, extra 
cloth $2 25. 

HOBLYN (RICHARD DJ, M. D„ 

A DICTIONAEY OF THE TEHMS USED IN MEDICINE AND THE 

COLLATERAL SCIENCES. A new American edition. Revised, with numerous Additions, 
by Isaac Hays, M. D., editor of the '< American Journal of the Medical Sciences." In one large 
royal 12mo.. volume, cloth, of over 500 double columned pages. $1 50. 



To both practitioner and student, we recommend 
this dictionary as being convenient in size, accurate 
in definition, and sufficiently full and complete for 
ordinary consultation.. — Charleston Bled. Journ. 

We know of no dictionary better arranged and 
adapted . It is notencumbered with the obsoleteterms 
of a bygone age, but it contains all that are now in 



use ; embracing ever}'- department of medical science 
down to the very latest date. — Western Lancet. 

Hoblyn's Dictionary has long been a favorite with 
us. It is the best book of definitions we have, and 
ought always to be upon the student's table. — 
Southern Med. and Surg. Journal. 



JONES (T. WHARTOIM), F. R. S., 

Professor of Ophthalmic Medicine and Surgery in University College, London, &c. 

THE PHINCIPLES AND PRACTICE OF OPHTHALMIC MEDICINE 

AND SURGERY. With one hundred and seventeen illustrations. Third and revised Ameri- 
can, with additions from the second London edition. In one handsome octavo volume, extra 
cloth, ot 455 pages, f 3 00. 

Seven years having elapsed since the appearance of the last edition of this standard work, very 
considerable additions have been foimd necessary to adapt it thoroughly to the advance of ophthal- 
mic science. The introduction of the ophthalmoscope has resulted in adding greatly to our know- 
ledge of the pathology of the diseases of the eye, particularly of its more deeply seated tissues, and 
corresponding improvements in medical treatment and operative procedures' have been introduced. 
All these matters the editor has endeavoured to add, bearing in mind the character of the volume as a 
condensed and practical manual To accommodate this unavoidable increase in the size of the work, 
its form has been changed from a duodecimo to an octavo, and it is presented as worthy a continu- 
ance of the favour which has been bestowed on former editions. 

A complete series of "test-types" for examining the accommodating power of the eyOj will be 
found an important and useful addition. 



JONES (C. HANDFJELD), F. R. S.^ ^ EDWARD H= S!EVEK!MG,, M.D., 
Assistant Physicians and Lecturers in St. Mary's Hospital, London. 

A MANUAL OF PATHOLOG-ICAL ANATOMY. First American Edition, 

Revised. With three hundred and ninety-seven handsome wood engravings. In one large and 
beautiful octavo volume of nearly 750 pages, extra cloth. $3 50 

As a concise text-book, containing, in a condensed 
form, a complete outline of what is known in the 
domain of Pathological Anatomy, it is perhaps the 



best v/ork in the English language. Its great merit 
consists in its completeness and brevity, and in this 
respect it supplies a great desideratum in our lite- 
rature. Heretofore the student of pathology was 



obliged to glean from a great number of monographs, 
and the field was so extensive that but few cuffcivated 
it with any degree of success. As a simple work 
of reference, therefore, it is of great value to the 
student of pathological anatomy, and should be in 
every pliy sicw.n^ slihrdiy .—Western Lancet. 
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KIRKES (WILLIAM SENHOUSE); M. D., 
Demonstrator of Morbid Anatomy at St. Bartholomew's Hospitalj &c . 

L MANUAL OFvPHYSIOLOaY/ A new American;, from ' the tMrd and 

improved London edition. With two hundred illustrations. In one large and handsome royal 
12mo. volume, extra cloth, pp. 586. $2 00. 



This is a new and veryinach improved edition of 
J3r. Kirkes' well-known Handbook of Physiology. 
It combines conciseness with completeness, iind is, 
therefore, admirably adapted for consultation by the 
busy practitioner.— Dw&Z^w Quarterly Journal. 

One of the very best handbooks of Physiology wt 
possess — presenting just such an outline of the sci- 
ence as the student requires during his attendance 
upon a course of lectures, or for reference whilst 
preparing for examination.— Jlwi. Medical Joitrnal , 

Its excellence is in its compactness, its clearness. 



and its carefully cited authorities. It is the most 
convenient of text-books. These gentlemen, Messrs, 
Kirkesand Paget, have the gift of telling us what 
we want to know, without thinking it necessary 
to tell us all ikeykxiow.— Boston Med. and Surg. 
Journal. 

For the student beginning this study, and the 
practitioner who has but leisure to refresh his 
memory, this book is invaluable, as it contains ail 
that it is important to know.—CharUsio7i M^d. 
Journal : 



KNAPP'S TECHNOLOGY; or, Chemistry applied 
to the Arts and to Manufactures. Edited by Dr. 
Ronalds, Dr. Richardson, and Prof. W. R. 
Johnson. In two handsomf 8vo. vols , extra cloth, 
with about 500 wood- engravings. S6 00. 



LAYCOGK'S LECTUHES ON THE PRINCI- 
PLES AND METHODS OF MEDICAL OB- 
SERVATION AND RESEARCH. For the Use 

of Advanced Students and Junior Practitioners. 
In one royal 12mo. volume^ extra cloth. Price {$1. 



LALLEMAMD AND WILSON, 
A PEACTIOAL TllEATISE ON THE CAUSES, 

TREATMENT OF SPEllMATORRHCEA. By M. Lallemand. 



SYMPT0M.8, AND 

Translated and edited by 

- ON DISEASES 



Henry J McDougall. Third American edition. To which is added - 
OF THE VESICUL^ SEMINALES; and their associated organs. Witii special refer- 
ence to the Morbid Secretions of the Prostatic and Urethral Mucous Membrane. By Marris 
Wilson, M.D. In one neat octavo volume, of about 400 pp., extra cloth. $2 50. 



LA ROCHE (RJ, M, D., ^c. 
YELLOW FEYEE, considered in its Historical, Pathological, Etiological, and 

Therapeutical Relations. Including a Sketch of the Disease as it has occurred in Philadelphia 
from 1699 to 1854, with an examination of the connections betv^een it and the fevers known under 
the same name in other parts of temperate as well as in tropical regions. In two large and 
handsome octavo volumes of nearly 1500 pages, extra cloth. %1 00. 



From Frofessor S. H. Dickson, Charleston, S. 0., 
iSeptember 18, 1855. 
A monument of intelligent -and well applied re- 
search, almost without example. It is, indeed, in 
itself, a large library, and is destined to constitute 
the special resort as a book of reference, in the 
subject of which it treats, to all future time. 

We have not time at present, engaged as we are, 
by day and by night, in the v/ork of combating this 
very disease, now prevailing in oui city, to do more 
than give this cursory notice of what we consider 
as undoubtedly the most able and erudite medical 
publication our country has yet produc3d. But in 
view of the startling fact, that this, the most malig- 



nant and unmanageable disease of modern timea, 
has for several years been prevailing in our country 
to a greater extent than ever before; that it is no 
longer confined to either large or smSill cities, but 
penetrates country villages, plantations, and farm- 
houses; that it is treated with scarcely better suc- 
cess now than thirty or forty years ago ; that there 
is vast mischief done by ignorant pretenders to know- 
ledge in regard to the disease, and in view of the pro- 
bability that a majority of southern physicians will 
be call ed upon to treat the disease, we trust that this 
able and comprehensive treatise will be very gene- 
rally read m the south.— Memphis Med. Uecorder, 



BY THE SAME AUTHOPv. 



PNEUMONIA ; its Supposed Connection, Pathological and Etiological, witli Aii=' 
tumnal Fevers, including an Inquiry into the Existence and Morbid Agency of ¥lalaria. In on<8 
handsome octavo volume^ extra cloth, of 500 pages. $3 00. 



LAWRENCE (WJ, F. R. S., ^c. 
ATEEATISB. ON DISEASES OF THE BYE. A. new edition, edited, 

with numerous additions, and 243 illustrations, by Isaac Hays, M. D., Surgeon to Will's Hospi- 
tal, &c. In one very large and handsom.e octavo volume, of 950 pages, strongly bound in leather 
with raised bands. $8 00. 



LUDLOW (J. L.), M. D. 

A MANUAL OF EXAMINATIONS upon Anatomy, Physiology, Surgery^ 
Practice of Medicine, Obstetrics, Materia Medica, Chemistry, Pharmacy, and Therapeutics. To 
which is added a Medical Formulary. Third edition, thoroughly revised and greatly extended 
and enlarged. With 370 illustrations. In one handsome royal 12mo. volume, of 816 large 
pages, extra cloth, f3 00. 



We know of no better companion for the student 
during the hours spent in the lecture room, or to re- 
freshj at a glance, his memory of the various topics 



crammed into his head by the various professors to 
whom he is compelled to listGn.-^Wesiern Lancsi^ 
May, 1857. 
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LEHMANN (C. G.) 

PHYSIOLOaiCAL CIIEMISTEY. Translated 'from tlie second edition bj 

George E. Day, M. D., F. R. S., fee, edited by R. E. Rogers, M. D., Professor of Chemistry 
in the Medical Department of the University of Pennsylvania, with illustrations selected from 
Funiie's Atlas of Physiological Chemistry, and an Appendix of plates. Complete in two large 
and handsome octavo volumes, extra cloth, containing 1200 pages, with nearly two hmidred illus- 
trations. $6 00. 



The work of Lehmann stands unrivalled as the 
most comprehensive book of reference and informa- 
tion extant on every branch of the subject on which 
it tYe3itB.-~Edmburgh Journal of Medical Science. 



The most important contribution as yet made to 
Physiological Chemistry. — Am. Journal Med. Sci- 
e*ic«5, Jan. 1856. 



BY THE SAME AUTHOR. 

MANUAL OF CHEMICAL PHYSIOLOGY. Translated from the Qevmm, 

with Notes and Additions, by J. Cheston Morris, M. D., with an Introductory Essay on Vital 
Force, by Professor Samuel Jackson, M. D., of the University of Pennsylvania. With illus- 
trations on wood. In one very handsome octavo volume, extra cloth, of 336 pages. $2 25. 



LYONS (ROBERT D.), K. C. C, 

Late Pathologist in-chief to the British Army in the Crimea, &c. 

A TREATISE ON FEVER- or, selections from a course of Lectures on Fever. 
Being part of a course of Theory and Practice of Medicine. In one neat octavo volume, oi 362 
pages, extra cloth; $2 25. {Jiist Issued .) 



This is an admirable work upon the most remark- 
able and most important class of diseases to which 
mankind are liable. — Med. Journ. of N. Carolina], 
May, 1861. 

We have great pleasure in recommending Dr. 



Lyons' work on FeiJgr to the attention of the pro- 
fession. It is a work which cannot fail to enhance 
the author's previous well-earned reputation, as a 
diligent, careful, and accurate observer. — British 
Med. Journal, March 2, 1861. 



MEIGS (CHARLES D.), M„ D., 
Lately Professor of Obstetrics, &c. in the Jefferson Medical College, Philadelphia* 

OBSTETRICS : THE. SCIENCE AND THE ART. Fourth edition, reYisiBrl 

and improved. With one hundred and twenty-nine illustrations. In one beautifully printed octav®. 
volumcj of seven hundred and thirty large pages, extra cloth, $4 50. 

FnoM THE Author's Preface. 

" [n this edition I have endeavored to amend the work by changes in its form ; by careful cor- 
rections of many expressions, and by a few omissions and some additions as to the text. 

" The Student wiUfind that I have recast the article on Placenta Praevia, which I was led to do 
out of my desire to notice certain new modes of treatment which I regarded as not only ill founded 
as to the philosophy of our department, but dangerous to the people. \ 

" In changing the form of my work by dividing it into paragraphs or sections, numbered from I 
to 959, 1 thought to present to the reader a common-place book of the whole volume, Such a table 
of contents ought to prove both convenient and useful to a Student while attending public lectures." 

A work which has enjoyed so extensive a reputation and has been received with such general 
favor, requires only the assurance that the author has labored assiduously to embody in his new 
edition whatever has been found necessary to render it fully on a level with the most advanced 
state of the subject. Both as a text-book for the student and as a reliable work of reference for 
the practitioner, it is therefore to be hoped that the volume will be found worthy a continuance of 
the confidence reposed in previous editions. 

BY THE SAME AUTHOR. (Just Isstied.) 

WOMAN: HER DISEASES AND TIIEIIL. EEMBDIES. A Series of Leo^ 

tures to his Class. Fourth and Improved edition. In one large and beautifully printed octave 
volume, extra cloth, of over 700 pages. $4 50. 



In other respects, in our estimation, too much can- 
not be said'in praise of this work. It abounds with 
beautiful passages, and for conciseness, for origin- 
ality, and for all that is commendable in a work on 
the diseases of females, it is not excelled, and pro- 
bably not equalled in the English language. On the 
whole, we know of no work on the diseases of wo- 
men which we can so cordially commend to the 
student and practitioner as the one before us.— OMo 
Med. and Surg. Journal. 

The body of the book is worthy of attentive con- 
sideration, and is evidently the production of a 
clever, thoughtful, and sagacious physician. Dr. 
Meigs's letters on the diseases of the external or- 
gans, contain many interesting and rare cases, and 
many instructive observations. We take our leave 
of Dr. Meigs, with a high opinion of his talents and 
originality.— TAe British and Foreign Medico-Chi- 
vurgical Review. 

Every chapter is replete with practical instruc- 
tion, and bears the impress of being the composition 
of an acute and experienced mind. There is a terse- 
ness, and at the same time an accuracy in his de- 
scription ol symptoms, and in the rules for diagnosis. 



which cannot fail to recommend the volume to the 
attention of the reader. — Ranhing^s Alstract. 

It contains a vast amount of practical knowledge, 
by one who has accurately observed and retained 
the experience of many ye^x^.— Dublin Quarterly 
Journal. 

Full of important matter, conveyed in a ready and 
agreeable rndLxmev. St. Louis Med. and Surg. Jour. 

There is an ofF-hand fervor, aglow, and a v/arm- 
lieartedness infecting the effjrt of Dr. Meigs, which 
is' entirely captivating, and which absolutely hur- 
ries the reader through from beginning to end. Be- 
sides, the book teems with solid instruction, and 
it shows the very highest evidence of ability, via;., 
the clearness with which the information is pre- 
sented. We know of no better test of one's under- 
standing a subject than the evidence of the power 
of lucidly explaining it. The most elementary, as 
well as the obscurest subjects, under the pencil of 
Prof. Meigs, are isolated and made to stand out in 
such boici relief, as to produce distinct impressiona 
upon the mind and memory of the reader.—- T^« 
Charleston Med. Journal, 
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MEIGS (CHARLES D.) M. D., 

Lately Professor of Obstetrics, &c., in Jefferson Medical College, Philadelphia. 

ON THE NATURE, SIGNS, AND TREATMENT OF CHILDBED 

FEVER. In a Series of Letters addressed to the Students of his Class. In one handsome 
octavo volume, extra cloth, of 365 pages. $2 00. 



The instructive and interesting author of this 
work, whose previous labors have placed his coun- 
trymen under deep and abiding obligations, again 
challenges their admiration in the fresh and vigor- 
ous, attractive and racy pages before as. it is a de- 



lectable book. * * * This treatise upon child- 
bed fevers will have an extensive sale, being des- 
tined, as it deserves, to find a place in the library 
of every practitioner who scorns to lag in the rear. — 
Nashville Journal of MedUine and Surgery. 



BY THE SAME AUTHOR; WITH COLORED PLATES. 



A TREATISE ON ACUTE AND CHRONIC DISEASES OF THE NECM: 

OF THE UTERUS. With numerous plates, drawn and colored from nature in the highest 
style of art. In one handsome octavo volume, extra cloth. $6 00 



MACLISE (JOSEPH), SURGEON. 

SURGrlCAL ANATOMY. Forming one volume, very large imperial quarto = 

With sixty-eight large and splendid Plates, drawn in the best style and beautifully colored. Con- • 
tainiiig one hundred and ninety Figures, many of them the size of life. Together with copious 
and explanatoryletter-press. Strongly and handsomely bound in extra cloth, being one of the 
cheapest and best executed Surgical works as yet issued in this country. $13 .00. 

Gentlemen preparing for service in the field or hospital will find these plates 
of the highest practical value, either for consultation in emergencies or to refresh 
their recollection of the dissecting room. 

*^* The size of this work prevents its transmission through the post-office as a whole, but those 
who desire to have copies forwarded by mail, can receive them in five parts, done up in stout 
wrappers. Price ^11 00. 



One of the greatest artistic triumphs of the age 
in Surgical Ansitomy.— British American Medical 
Journal. 

No practitioner whose means will admit should 
fail to possess.it. — Ranking^ s Abstract. 

Too much cannot be said in its praise ; indeed, 
we have not language to do it justice. — Ohio Medi- 
€al and Surgical Journal. 

The most accurately engraved and beautifully 
colored plates we have ever seen in an American 
book — one of the best and cheapest surgical works 
ever published. — Buffalo Medical Journal. 

It is very rare that so elegantly printed, so well 
illustrated, and so useful a work, is offered at so 
moderate a ]ix\c,e.— Charleston Medical Journal. 

Its plates can boast a superiority which places 
them almost beyond the reach of competition. — Medi- 
cal Examiner. 

Country practitioners will find these plates of im- 
mense value.— JV. Y. Medical Gazette. 



A work which has no parallel in point of accu- 
racy and cheapness in the English language.-— JV. Y. 
Joumal.of Medicine. 

We are extremely gratified to announce to th© 
profession the completion of this truly magnificent 
work, which, as a whole, certainly stands unri- 
valled, both for accuracy of drawing, beauty o/ 
coloring, and all the requisite explanations of tha 
subject in hand. — Th& Nets Orleans Medical and 
Surgical Journal. 

This is by far the ablest work on Surgical Ana- 
tomy that has come under our observation. W® 
know of no other work that would justify a stu- 
dent, in any degree, for neglect of actual dissec- 
tion. In those sudden emergencies that so often 
arise, and which require the instantaneous command 
of minute anatomical knowledge, a work of this kind 
keeps the details of the dissecting-room perpetually 
fresh in the memory .—TA.« Western Journal of Midi- 
cine and Surgery. 



MILLER (HENRY), M. D., 

Professor of Obstetrics and Diseases of Women and Children in the University of Louisville. 

PEINCIPLES AND PRACTICE OF OBSTETRICS, &c. ; including the Treat- 

ment of Chronic Inflammation of the Cervix and Body of the Uterus considered as a frequent 
cause of Abortion. With about one hundred illustrations on wood. In one very handsome oc- 
tavo volume, of over 600 pages, extra cloth. $3 75. 
We congratulate the author that the task is done, tion to which its merits justly entitle it. — The Gin- 



We congratulate him that he has given to the medi- 
cal public a work which will secure for him a high 
and permanent position among the standard autho- 
rities on the principles and practice of obstetrics. 
Congratulations are not less due to the medical pro- 
fession of this country, on the acquisition of a trea- 
tise embodying the results of the studies, reflections, 
and experience of Prof. KiWer.— Buffalo Medical 
Journal. 

In fact, this volume must take its place among the 
(Standard systematic treatises on obstetrics ; a posi- 



cinnati Lancet and Observer. 

A most respectable and valuable addition to our 
home medical literature, and one reflecting credit 
alike on the author and the institution to which he 
is attached, The student will find in this work a 
most useful guide to his studies ; the country prac- 
titioner, rusty in his reading, can obtain from its 
pages a fair resume of the modern literature of the 
science; and we hope to see this American produc- 
tion generally consulted by the profession. — Va, 
Med. Journal. 



MACKENZIE (W.), M.D., 

Surgeon Oculist in Scotland in ordinary to Her Majesty, &c. &c. 

A PRACTICAL TREATISE ON DISEASES AND INJURIES OF THE 

EYE. To which is prefixed an Anatomical Introduction explanatory of a Horizontal Section oi 
the Human Eyeball, by Thomas Wharton Jones, F. R. S^ From the Fourth Revised and En- 
larged London Edition. With Notes and Additions by Addinell Hewson, M. D., Surgeon to 
Wills Hospital, &c. &c. In one very large and handsome octavo volume, extra cloth, with plates 
and numerous wood-cuts. $6 00. 



The treatise of Dr. Mackenzie indisputably holds 
the firstplace, and forms, in respect of learning and 
research, an Encyclopaedia unequalled in extent by 
any other work of the kind, either English or foreign. 
— Dixon on Diseases of the Eye. 



We consider it the duty of every one who has the 
love of his profession and the welfare of his patient 
at heart, to make himself familiar with this the most 
completework in the English language upon the dis- 
eases of the eye. — Med. Times and u-azeiii. 
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MILLER (JAMES), F, R, S. E., 
Professor of Surgery in the University of Edinburgh, &c. 

FEINCIPLES OF SUKGEEY. Fourth American/ from fclie third and revised 
Edinburgh edition. In one large and very beaiitiful volume, extra cloth, of 700 pages, with 
two hundred and forty illustrations on wood. ^3 75. 



BY THE SAME AUTHOR. 

THE PEAGTIGB OF SUEGERY. Fourth American from the last Edin- 
burgh edition. Revised by the American editor. Illustrated by three hundred and sixtvvfouf 
engravings on wood. In one large octavo volume, extra cloth, of nearly 700 pages. $3 75. 

his works, botJi on tlie principles and practice of 
surgery have been assigned thehighest rank. If we 
were limited to but one work on surgery, that one 



No encomium of ours could add to the popularity 
of Miller's Surgery. Its reputation in this country 
is unsurpassed by that of any other work, and, when 
taken in connection with the author's Principles of 
Surgery^ constitutes a whole, without reference to 
which no conscientious surgeon would be willing to 
practice his art. — Southern Med. and Surg. Journal . 

It is seldom that two volumes have ever made so 
profound an impression in so short a time as the 
"Principles" and the <' Practice" of Surgery by 
Mr. Miller — or so richly merited the reputation they 
have acquired. The author is an eminently sensi- 
ble, practical, and well-informed man, who knows 
exactly what he is talking about and exactly how to 
isalk it. — Kentucky Medical Recorder. 

By the almost unanimous voice of the profession. 



should be Miller's, as we regard it as superior to all 
others. — St. Louis Med. and Surg. Journal. 

The author has in this and his " Principles," pre- 
sented to the profession one of the most complete and 
reliable systems of Surgery extant. His style of 
writing is original, impressive, and engaging, ener- 
getic, concise, and lucid. Few have the faculty of 
condensing so much in small space, and at the same 
time so persistently holding the attention. Whether 
as a text-book for students or a book of reference 
for practitioners, it cannot be too strongly recom- 
mended.— Sow^Aem Journal of Med. and Physical 
Sciences. 



MORLAND (W. WJ, M . D., 

Fellow of the Massachusetts Medical Society, &c. 

DISEASES OF THE UEINAEY OEdANS; a Compendium of their Diagnosis^ 

Pathology, and Treatment. With illustrations. In one large and handsome octavo volume, oi 
about 600 pages, extra cloth. $3 50. 



Taken as a whole, we can recommend Dr. Mor- 
land's compendium as a very desirable addition to 
the library of every medical or surgical practi- 
tioner. — Brit, and For. Med.-Chir. Rev., April, 1859. 

Every medical practitioner whose attention has 
been to any extent attracted towards the class of 
diseases to whicii this treatise relates, must have 
often and sorely experienced the want of some fall, 
yet concise recent compendium to which he could 



refer. This desideratum has been supplied by Dr. 
Morland, and it has been ably done. He has placed 
before us a full, judicious, and reliable digest. 
Each subject is treated with sufficient minuteness, 
yetinasuccmct,narrational style, such as to render 
the woric one of great interest, and one which will 
prove in the highest degree useful to the general 
practitioner. — N.Y. J ourn. of Medicine ^ 



BY THE SAME AUTHOR. 



THE MOEBID EFFECTS OF THE EETENTION IN THE BLOOD OF 

THE ELEMENTS OF THE URINAilY SECRETION. Being the Dissertation to which the 
Fiske Fund Prize was awarded, July 11, 1861. In one small octavo volume, 83 pages, extra 
cloth. 75 cents. 



MONTGOMERY (W. F.), M. D., M . R. ! . A., &e., 
Professor of Midwifery in the King and Queen's College of Physicians in Ireland, &c. 

AN EXPOSITION OF THE SIGNS AND SYMPTOMS OF PEEaNANCY. 

With some other Papers on Subjects connected with Midwifery. From the second and enlarged 
English edition. With two exquisite colored plates, and numerous wood-cuts. In one very 
handsome octavo volume, extra cloth, of nearly 600 pages, f 3 75. 



A book unusually rich in practical suggestions. — 
Am. Journal Med, Sciences, Jan. 1857. 

These several subjects so interesting in them- 
selves, and so important, every one of them, to the 
most delicate and precious of social relations, con- 
trolling often the honor and domestic peace of a 
family, the legitimacy of offspring, or the life of its 
parent, are all treated with an elegance of diction, 
fulness of illustrations, acuteness and justice of rea- 
soning, unparalleled in obstetrics, and unsurpassed in 
medicine. The reader's interest can never flag, so 



fresh, and vigorous, and classical is our author's 
style; and one forgets, in the renewed charm of 
■^very page, that it, and every line, and every word 
has been weighed and reweighed Through years of 
preparation ; that this is of all others the book of 
Obstetric Law, on each of its several topics ; on all 
points connected with pregnancy, to be everywhere 
received as a manual of special jurisprudence, at 
once announcing fact, affording argument, establish- 
ing precedent, and governing alike the juryman, ad- 
vocate, and judge. — N. A. Med.-Chir. Review. 



MOHR (FRANCIS), PH. D., AND REDWOOD (TH EOPH f LUS), 

PEACTICAL PHAEMACY. Comprising the Arrangements^ Apparatus^ and 
Manipulations of the Pharmaceutical Shop and Laboratory. Edited, with extensive Additions, 
by Prof. William Procter, of the Philadelphia College of Pharmacy. In one handsome i'| 
printed octavo volume, extra cloth, of 570 pages, with over 500 engravings on wood. fA 00. 



MAYNE'S DISPENSATORY AND THERA- 
PEUTICAL REMEMBRANCER. With every 
Practical Formula contained in the three British 
PharmacopoBias. Edited, with the addition of the 
Formulae of the U. S. Pharmacopoeia, by R. E. 
@Ri¥FiTHjM.D I 12mo.vol.ex.el.j300pp. 75 c. 



MALGAIGNE'S OPERATIVE SURGERY, based 
on Normal and Pathological Anatomy. Trans- 
lated from the French by Frederick Brittak, 
A. B.,M.D. Withnumerous illustrations on wood. 
In one handsome octavo volume, extra cloth, oi 
nearly six hundred pages. ^2 fO,, 
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NEILL (JOHN), M. D., 

Surgeon to the Pennsylvania Hospital, &c.j and 

FRANCIS GURNEY SMITH, M.D., 

Professor of Institutes of Medicine in the Pennsylvania Medical College. 

AN ANALYTICAL COMPENDIUM OF THE YAEIOUS ETLANGHEB 

OF MEDICAL SCIENCE ; for the Use and Examination of Students. A new edition, revised 
and improved. In one very large and handsomely printed royal 12mo. volume, of about one 
thousand pages, with 374 wood-cuts, extra cloth, $3 50. Strongly bound in leather, with raised 
bands. $4 50. 

This work is again presented as eminently worthy of the favor with which it has hitherto 
been received. As a book for daily reference by the student requiring a guide to his more elaborate 
text-books, as a manual for preceptors desiring to stimulate their students by frequent and accurate 
examination, or as a source from which the practitioners of older date may easily and cheaply acquire 
a knowledge of the changes and improvement in professional science, its reputation is permanently 
established. 



The best work of the kind with which we are 
acquainted. — Med. Examiner. 

Having made free use of this volume in our ex- 
aminations of pupils, we ean speak from experi- 
ence in recommending it as an admirable compend 
for students, and as especially useful to preceptors 
who examine their pupils. It will save the teacher 
much labor by enabling him readily to recall all of 
the points upon which his pupils should be ex- 
amined. A work of this sort should be in the hands 
of every one who takes pupils into his office with a 
view of examining them ; and this is unquestionably 
ihe best of its cAslb^.— Transylvania Med. Journal. 

In the rapid course of lectures, where work for 



the students is heavy, and review necessary for an 
examination, a compend is not only valuable, but 
it is almost a sine qua non. The one before us is, 
in most of the divisions, the most unexceptionable 
of all books of the kind that we know of. The 
newest and soundest doctrines and the latest im- 
provements and discoveries are explicitly, though 
concisely, laid before the student. There is a class 
to whom we very sincerely commend this cheap book 
as worth its weight in silver— that class is the gradu- 
ates in medicine of more than ten years' standing, 
who have not studied medicine since. They will 
perhaps find out from it that the science is not exactly 
now what it was when they left it o^.—The. Sieth©- 
scope. 



NELIGAN (J, MOORE), M . D., M. R. I. A., ^c. 

ATLAS OF CUTANEOUS DISEASES. In one beautiful quarto volume, extra 

cloth, with splendid colored plates, presenting nearly one hundred elaborate representations of 
disease. $5 50. 

This beautiful volume is intended as a complete and accurate representation ol all the varieties 
of Diseases of the Skin. While it can be consulted in conjunction with any work on Practice, it has 
especial reference to the author's " Treatise on Diseases of the Skin," so favorably received by the 
profession some years since. The publishers feel justified in saying that few more beautifully exe- 
cuted plates have ever been presented to the profession of this country. 

give, at a coup d^ceil, the remarkable peculiarities 
of each individual variety. And while thus the dis- 
ease is rendered more definable, there is yet no loss 
of proportion incurred by the necessary concentra- 



Neligan's Atlas of Cutaneous Diseases supplies a 
long existent desideratum much felt by the largest 
class of our profession. It presents. In quarto size, 
16 plates, each containing from 3 to 6 figures, and 
forming in all a total of 90 distinct representations 
of the different species of skin affections, grouped 
together in genera or families. The illustrations 
have been taken from nature, and have been copied 
with such fidelity that they present a striking picture 
of life ; in which the reduced scale aptly serves to 

BY THE SAME AUTHOR. 

A PEACTICAL TEEATISE ON DISEASES OF THE SKIN. Fourth 

American edition. In one neat royal 12mo. volume, extra cloth, of 334 pages. $1 50. 



tion. Each figure is highly colored, and so truthful 
has the artist been that the most fastidious observer 
could not justly take exception to the correctness of 
the execution of the pictures under his scrutiny.— 
Montreal Med. Chronicle. 



OWEN ON THE DIFFERENT FORMS OF ] 

THE SKELETON, AND OF THE TEETH. | 



One vol. royal 12mo., extra cloth with numerous 
illustrations. SI 25. 



PIRRIE (WILLIAM), F. R. S. E., 

Professor of Surgery in the University of Aberdeen. 

THE PEINCIPLES AND PRACTICE OF SURGEKY. Edited by John 

Neill, M. D.J Professor of Surgery in the Penna. Medical College, Surgeon to the Pennsylvania 
Hospital, &c. In one very handsome 8vo. volume, extra cloth, of 780 pages, with 316 illustrations. 
$3 75. 



We know of no other surgical work of a reason- 
able size, wherein there is so much theory and prac- 
tice, or where subjects are more soundly or clearly 
taught. — The Stethoscope. 

Prof. Pirrie, in the work before us, ha« elabo- 



rately discussed the principles of surgery, and a 
safe and effectual practice predicated upon them. 
Perhaps no work upon this subject heretofore issued 
is so full upon the science of the art of surgery.-— 
Nashville Journal of Medicine and Surgery. 



PARKER (LANGSTON), 

Surgeon to the Queen's Hospital, Birmingham. 

THE MODERN TREATMENT OF SYPHILITIC DISEASES, BOTH PRI- 
MARY AND SECONDARY; comprising the Treatment of Constitutional and Confirmed Syphi- 
lis, by a safe and successful method. With numerous Cases, Formulae, and Clinical Observa- 
tions. From the Third and entirely rewritten London edition. In one neat octavo volume, 
extra cloth, of 316 pages. ^2 50. 



AND SCIENTIFIC PUBLICATIONS. 
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PARRISH (EDWARD), 

Professor of Materia Medica in the PMladelpliia College of Pharmacy. 

A TREATISE ON PHAHMACF. Designed as a Text-book for the Student, 

and as a Guide for the Physician and Pharmaceutist. With many Forcnulse and Prescriptions. 

Third edition, greatly improved. In one handsome octavo volume, of 850 pages, with several 

hundred Illustrations, extra cloth. $5 00. (Just Read^.) 

Though for some time out of print, Ihe appearance of a new edition of this work has been de- 
layed for the purpose of embodying in it the results of the new U. S. Pharmaeopa3ia. The pub- 
lication of this latter has enabled the author to complete his revision in the mosl thorough manner. 
Those who have been waiting for the work may therefore rely on obtaining a volume completely 
on a level with the most advanced condition of pharmaceutical science. 

The favor with which the work has thus far been received shows that the author was not mis- 
taken in his estimate of the want of a treatise which should serve as a pracLicaltext-book for all 
engaged in preparing and dispensing medicines. Such a guide was indispensable not only to the 
educated pharmaceutist, but also to that large class of practitioners throughout the country who 
are obliged to componnd their own prescriptions, and who during their collegiate course have no 
opportunity of obtaining a practical familiarity with the necessary processes and manipulations. 
The rapid exhau!;tion of two large editions is evidence that the author has succeeded in thoroughly 
carrying out his object. Since the appearance of the last edition, much has been done to perfect 
the science ; the new Pharmacopoeia has introduced many changes to which the profession must 
conform; and the author, has labored assiduously to embody in his work all that physicians and 
pharmaceutists can ask for in such a volume. The new matter alone will thus be found worth 
more than the very moderate cost of the work to those who have been using the previous editions. 



All that we can say of it : is that to the practising 
physician, and especially the country physician, 
who is generally his own apothecary, there is hard- 
ly any boolf that might not better be dispensed with. 
It is at the same time a dispensatory and a pharma- 
cy. — Louisville Review. 

A careful examination of this work enables us to 
speak of it in the highest terms, as being the best 
treatise on practical pharmacy with which we are 
acquainted, and an mvsL\u.SLb\e vade-mecum, not only 
to the apothecary and to those practitioners who 
are accustomed to prepare their own medicines, but 
to every medical man and medical student. — Boston 
Med. and Surg. Journal. 

This is altogether one of the most useful books 
we have seen. It is just what we have long felt to 
be needed by apothecaries, students, and practition- 
ers of medicine, most of whom in this country have 
to put up their ov/n prescriptions. It bears, upon 
every page, the impress of practical knowledge, 
conveyed in a plain common sense manner, and 
adapted to the comprehension of all who may read 
it. — Southern Med. and Surg. Journal. 

That Edward Parrish, in writing a book upon 
practical Pharmacy some few years ago— one emi- 
nently original and unique — did the medical and 
pharmaceutical professions a great and valuable ser- 
vice, no one, we thmk, who has had access to its 
pages will deny; doubly welcome, then, is this new 



edition, containing the added results of his recent 
and rich experience as an observer, teacher, and 
practicxl operator in the pharmaceutical laboratory. 
The excellent plan of the first is more thoroughly, 
— Peninsular Med. Journal, Jan. 1860. 

Of course, all apothecaries who have not already 
a copy of the first edition will procure one of this; 
it is, therefore, to physicians residing in the country 
and in small towns, who cannot avail themselves of 
the skill of an educated pharmaceutist, that we 
would especially commend this work. In it they 
will find all that they desire to know, and should 
know, but very little of which they do really Know 
in reference to this important collateral branch of 
their profession; for it is a well established fact, 
that, in the education of physicians, while the sci- 
ence of medicine is generally well taught, very 
little attention is paid to the art of preparing them 
for use, and we know not how this defect can be so 
well remedied as by procuring and consulting Dr. 
Parrish's excellent work. — St. Louis Med. Journal, 
Jan. 1860. 

We know of no work on the subject which would 
be more indispensable to the physician or student 
desiring information on the subject of which it treats. 
With Griffith's " Medical Formulary" and this, the 
practising physician would be supplied with nearly 
or quite all the most useful information on the sub- 
ject. — Charleston Med. Jour. and Review, Jan. 1860. 



PEASLEE (E. RJ, M. D., 

Professor of Physiology and General Pathology in the New York Medical College. 

HUMAN HiHTOLOG-Y, in its relations to Anatomy, Physiology, and Pathology j 

for the use of Medical Students. With four hundred and thirty-four illustrations. In one hand- 
some octavo volume, extra cloth, of over 600 pages. ^3 75. 



It embraces a library upon the topics discussed 
within itself, and is just what the teacher and learner 
need. We have not only the whole subject of His- 
tology , interesting in it;self, ably and fully discussed, 
but what is of iniinitely greater interest to the stu- 
dent, because of greater practical value, are its re- 
lations to Anatomy, Physiology, and Pathology, 
which are here fully and satisfactorily set forth.—- 
Nashville Journ. of Med^ and Surgery. 



We would recommend i t a s containing a summary 
of all that is known of the important subjects which 
it treats ; of all that is in the great works of Simon 
and Lehmann, and the organic chemists in general. 
Master this one volume, and. you know all that is 
known of the great fundamental principles of medi- 
cine, and we have no hesitation in saying that it 
is an honor to the American medical profession. — 
St, Louis Med. and Surg. Journal. 



ROKITANSKY (CARL), M. D 

Curator of the Imperial Pathological Museum, 

A MANUAL OF PATHOLOaiCAL 

bound in two, extra cloth, of about 1200 pages. 

KING, C. H. MoonE, and G. E. Day. $7 00. 

The profession is too well acquainted with the re- 
putation of Rokitansky's work to need our assur- 
ance that this is one of the most profound, thorough 



and Professor at the University of Vienna, See. 

ANATOMY. Pour volumes, octavo, 
Translated by W, E. Swaine, Edward Sieve - 



ance limi iuih i»uxic <ji lue luuaipiuiuunu, tuuiuugu, 

and valuable books ever issued from the medical 
press. It is swig-e/ieHs, and has no standard of com- 
parison. It is only necessary to announce that it is 
issued in a form as cheap as is compatible with its 



size and preservation, and its sale follows as a 
matter of course. No library can be called com- 
plete withoMtit.— Buffalo Med. Journal. 

An attempt to give our readers any adequate idea 
of the vast amount of instruction accumulated in 

these volumes, would be feeble and hopeless. 

Western Lancet, 



ROYLFS MATERIA MEDICA AND THERAPEUTICS ; including the 

Preparations of the Pharmacopoeias of London, Edinburgh, Dublin, and of the United States. 
With many new medicines. Edited by Joseph Carson, M. D. With ninety-eight illustrations. 
In one large octavo volume, extra cloth, of about 700 pages. S3 00. 
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RIGBY (EDWARD), M.D., 

Senior Physician to the General Lying-in Hospital, &c. 

A SYSTEM OF MIDWIFERY. Yfith Notes and Additional Illustrations. 

Second American Edition. One volume octavo, extra cloth, 422 pages. $2 50. 

BY THE SAME AUTHOR. 

ON THE CONSTITUTIONAL TREATMENT OF FEMALE DISEASES, 

In one neat royal 12mo. volume, extra cloth, of about 250 pages. $1 00. 



RAMSBOTHAM (FRANCIS H.)s M.D. 

THE FEJNCIPLES AND PRACTICE OF OBSTETRIC MEDICINE AND 

SURGEIIY, in reference to the Process of Parturition. A new and enlarged edition, thoroughly 
revised by the Author. With Addition s by W.V. Keating, M. D., Professor of Obstetrics, 6z;c., in 
the Jefferson Medical College, Philadelphia. In one large and handsome imperial octavo volume, 
of 650 pages, strongly bound in leather, with raised bands ; with sixty- four beautiful Plates, and 
numerous Wood-cuts in the text, containing in all nearly 200 large and beautiful figures. $7 00. 

From Prof . Hodge ^ of the Xfniversity of Fa. 
To the American public, it is most valuable, from its intrinsic undoubted excellence, and as being 
the best authorized exponent of British Midwifery. Its circulation will, I trust, be extensive throughout 
our country. 



It is unnecessary to say anything in regard to the 
utility of this work. It is already appreciated in our 
country for the value of the matter, the clearness of 
its style, and the fulness of its illustrations. To the 
physician's library it is indispensable, while to the 
student as a text-book, from which to extract the 
material for laying the foundation of an education on 
obstetrical science, it has no superior. — Ohio Med 
and Surg. Journal. 

The publitihers have secured its success by the 



truly elegant style in which they have brought it 
out, excelling themselves in its production, espe- 
cially in its plates. It is dedicated to Prof. Meigs, 
and has the emphatic endorsement of Prof. Hodge, 
as the best exponent of British Midwifery. We 
kn(>w of no text-book which deserves in all respects 
to be more highly recommended to students, and we 
could wish to see it in the hands of every practitioner , 
for they will find it invaluable for reference.— iVIecJ. 
G-azette. 



RICORD (P.), M. D. 
A TREATISE ON THE VENEREAL DISEASE. By John Hunter, F. R. B, 

With copious Additions, by Ph. Ricord, M.D. Translated and Edited, with Notes, by Freeman 
J. Bumstead M. D., Lecturer on Venereal at the College of Physicians and Surgeons, New York.- 
Second edition, revised, containing a resiime of Ricord's Recent Lectures on Chancre. In 
one handsome octavo volume, extra cloth, of 550 pages, with eight plates. $4 00. 

BY THE same AUTHOR. 

RICORD^S LETTERS ON SYPHILIS. Translated by W. P. Lattimore, M. D- 

In one neat octavo volume, of 270 pages, extra cloth. $2 00. 



SMITH (HENRY HJ, M. D., AND HORN ER (Wl LL! AM E.), M. D. 
AN ANATOMICAL ATLAS, illustrative of the Structure of the Human Body. 
In one volume, large imperial octavo, extra cloth, with about six hundred and fifty beautifui 
figures. $4 50. 



The plan of this Atlas, which renders it so pe- 
culiarly convenient for the student, and its superb 
artistical execution, have been already pointed out. 
We must congratulate the student upon thecomple- 
tion ot this Atlas, as it is the most convenientwork 



of the kind that hasyet appeared ; and we must add, 
the very beautiful manner in which it is " got up" 
is so creditable to the country as to be flattering 
to ournational pride. — American Medical Journal. 



SMITH (EDWARD), M.D. ,LL.D., F.R.S. 

Assistant Physician to the Hospital for Consumption and Diseases of the Chest, Brompton, &c 

CONSUMPTION; ITS EARLY AND REMEDIABLE STAGES. In 

neat octavo volume of 254 pages, extra clolh. $2 25. {Now Ready.) 

One-half of Dr. Smith's work is devoted to the 
treatment of Tuberculosis. We find in this portion 
of the work no occasion to join issue with the au- 
thor ; buc, on the contrary, much which we would 
commend to the reader's attention. Dr. Smith at- 
taches far greater importance to hygienic measures 



one 



than to drugs in the treatment of the disease. In 
taking leave of the work, we would express the 
hope that the author will furnish occasions for the 
renewal of our intercourse as a reader, if not as a 
reviewer. — Am. Med. Journal, Jan. 1863. 



SHARPEY (WILLIAM), M.D,, JONES QUAIN, M.D., AND 
RICHARD QUAIN, F.R.S., 56C. 

HUMAN ANATOMY. Revised, with Notes and Additions, by Joseph Leiby, 

M. D., Professor of Anatomy in the University of Pennsylvania. CJomplete in two large octavo 
volumes, extra cloth, of about thirteen hundred pages. With over 500 illustrations. $6 00. 



SOLLY ON THE HUMAN BRAIN; its Structure, 
Physiology, and Diseases. From the Second and 
much enlarged London edition. In one octavo 
volume, extra cloth, of 500 pages, with 120 wood- 
cuts. f2 50. 

SKEY'S OPERATIVE SURGERY. In one very 



handsome octavo volume, extra cloth, of over 650 
pages, with about one hundred wood-cuts. S3 25. 
SIMON ^ (iENEKAL PATHOLOGY, as conduc- 
ive to the Establishment of Rational Principles 
for the prevention ano Cure of Disease In one 
octavo volume, extra cloth, of 212 pages, f 1 25. 
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STILLE (ALFRED), M. D., 

Professor of tlie Theory and Practice of Medicine in the. University of Pennsylvania. 

THEEAFEUTICS AND MATEHIA MEDICA; a Systematic Treatise on the 

Action and Uses of Medicinal Agents, including their Description and History. Second Edition, 
revised and enlarged. In two large and handsome octavo volumes, extra cloth. $ 10 00. i^Novj 
Ready.) 

This work is designed, especially for the student and practitioner of medicine, and treats the various 
articles of the Materia Medica from the point of view of the bedside, and not of the shop or of the 
lecture-room. While thus endeavoring to give all practical information likely to be useful with 
respect to the employment of special remedies in special affections, and the results to be anticipated 
from their administration, a copious Index of Diseases and their Remedies renders the work emi- 
nently fitted for reference by showing. at a glance the different means which have been employed, 
and enabling the practitioner to extend his resources in difTicult cases with all that the experience 
of the profession has suggested. 

The speedy demand for another edition of this work shows that it has acceptably filled an acknow- 
ledged want No exertion of the author has been wanting to render it worthy a contJnua*ice of the 
favor with which it has been received, while an aheraiion in the typographical arrangement has 
accomra jdated the additions Without increasing unduly the size of the volumes. 

tioned. Stille. His great work on '' iMateria Medi- 
ca and Tnerapeutics," published last year, in two 
octavo volunaesj of some sixteen hundred pages, 
while it embodies the results of the labor of others 



Rarely, indeed, have we had submitted to us a 
work on medicine so ponderous ia its dimensions 
as tliat now before us, and yet so fascinating in its 
contents. It is, therefore, with a peculiar gratifi- 
cation that we recognize in Dr. Stille the posses- 
sion of many of those more distinguished qualifica- 
tions which entitle him to approbation, and which 
justify him in coming before his medical brethren 
as an instructor. A comprehensive know^ledge, 
tested by a sound and penetrating judgment, joined 
to a love of progress — which a discriminating spirit 
of inquiry has tempered so as to accept nothing new 
because it is new, and abandon nothing old because 
it is old, but which estimates either accorting to its 
relations to a just logic and experience— manifests 
itself everywhere, and gives to the guidance of the 
author all 'he assurance of safety which ihe diffi- 
culties of his subject canallow. In conclusion, we 
earnestly advise our readers to ascertain for them- 
selves, by a study of Dr. StiUe's volumes, the great 
value and interest of the stores of knowle(ige they 
present. We have pleasure in referring rather to 
the ample treasury of undoubted truths, the real and 
assured conquest of medicine, accumulated by Dr. 
Stille in his pages ; and commend the sum of his la- 
bors to the attention of our readers, as alike honor- 
able to our science, and creditable to the zeal, the 
candor, and the judgment of him who has garnered 
the whole so asiXQixxWy .—Edinburgh Med. Journal. 

The most recent authority is the one last men- 



up to the time of publication, is enriched with a 
great amount of original observation and reseurcii. 
We would draw attention, by the way, to the very 
convenient mode in which the Index is arranged in 
this work. There is first an " Index of Remedies ;' 
next an " Index of Diseases and their Remedies." 
Such an arrangement of the Indices, in our opinion, 
g reatly enhances the practical value of books of this 
kind. In tedious, obstinate cases of disease, where 
we have to try one, remedy after another until our 
stock is pretty nearly exhausted, and we are almost 
driven to our wit's end, such an index as the second 
of the two just mentioned, is precisely what we 
want. — London Med. Time.sand (razeiie, April, 1861. 
We think this work will do much to obviate the 
reluctance tO a thorough investigation of this branch 
of scientific study, for in the wide range of medical 
literature treasured in the English tongue, we shall 
hardly find a work written in a style more clear and 
simple, conveying forcibly the facts taught, and yet 
free from turgid ity and redundancy, Tliere is a fas- 
cination in its pages that will insure to it a wide 
popularity and attentive perusal, and a degree of 
usefulness not often attained through the influence 
of a single work. 



SIMPSON (J. Y.)/ M. D., 
Professor of Midwifery, &c., in the University of Edinburgh, &c. 

CLINICAL LECTURES ON THE DISEASES OP WOMEN. With nu- 

. merous illustrations. In one handsome octavo volume, of over 500 |>ages, extra cloth, $4 00. 

{Now Ready, 1863.) 

This valuable work having passed through the columns of " The Medical News and Library" 
for 1860, 18t)l, and 186"2, is now completed, and may be had separate in one handsome volume. 

The principal topics embraced in the Lectures are Vesico-Vagmal Fistula, Cancer of the Uterus, 
Treatment of Carcaioina by Caustics, Dysmenorrhoea, Amenorrhoea, Closures, Contractions, &c., 
of the Vagina, Vulvitis, Causes of Death after Surgical Operations, Surgical Fever, Phlegmasia 
Dolens, Coccyodinia, Pelvic Cellulitis, Pelvic Hsemaioma, Spurious Pregnancy, Ovarian Dropsy, 
Ovariotomy, Cranioclasm, Diseases of the Fallopian Tubes, JPuerperal Mania, Sub-Involution and 
Super-Involution of the Uterus, &c. &c 

As a series of monographs on these important topics— many of which receive little attention 
in the ordinary text-buoks — elucidated with the extensive experience and readiness of resource for 
which Prolessor Simpson is so distinguished, there are few practitioners who will not lind in its 
pages matter of the utmost importance in the treatmant of obscure and difficult cases. 

SALTER (H. H ), M . D. 
ASTHMA; its Pathology, Causes, Consequences, and Treatment. 

8vo., extra cloth {Just Issued.) $'2 50. 

The portion of Dr. Salter's work which is devoted 
to treatment, is ot great practical interest and value. 
It would be necessary to follow him step by step 
in his remarks, not only on the medicinal, but also 
on the dietetic and hygienic treatment of the disease, 
in order to convey a Just notion ol tne practical value 
of this part of his work. This our space forbids, 

SLADE (O. DJ, M. D. 

DIPHTHERIA: its Nature and Treatment, with an account of the History of 

its Prevalence in various countries. Second and revised edition. In one neat royal 12mo. 
volume, extra cloth. $1 25. {Now Ready.) 



In one vol. 



and this we shall little regret, if, by our silence, 
we should induce our readers to possess ihemselves 
of the book itself; a book which, withoutuoubt, de- 
serves to be ranked among tlie most valuable of re- 
cent contributions to the medical literature of this 
country.— iia«Mwg-'5 Abstract^ Jan., 1861. 
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SARGENT (F. W.), M. D. 

ON BANDAGING AND OTHEK OPERATIONSOP MINOE SURGERY, 

New edition, with an additional chapter on Military Surgery. One handsome royal 12mo. vol., 

of nearly 400 pages, with 184 wood cuts. Extra cloth, $1 75. 

The value of this work as a handy and convenient manual for surgeons engaged in active dut}'-, has 
induced the publishers to render it more complete for those purposes by the addition of a chapter 
on guu-shot wounds and other matters peculiar to military surgery. In its present form, there- 
fore, it will be found a very cheap and convenient vade-mecum for consultation and reference in 
the daily exigencies of military as well as civil practice. 

We consider that no better book could be placed 
in thehanas of an hospital dresser, or theyoung sur- 
geon, whose education in this respect has not been 
perfected VVe most cordially commend this volume 
as one which the medical student should most close- 
ly study, to perfect himself m these minor surgical 
operations in which neatness and dexterity are so 



much required, and on which a great portion of his 
reputation as a future surgeon must evidently rest. 
And to the surgeon in practice it must prove itself 
a valuable volume, as instructive on many points 
which he may have forgottexi.— British American 
Journal, May, 1862. 



The instruction given upon the subject of Ban- 
daging, is alone of great value, and while the author 
modestly proposes to instruct the students of medi- 
cine, and the younger physicians, we will say that 
experienced physicians will obtain many exceed- 
ingly valuable suggestions by its perusal. It will 
be found one of the most satisfactory manuals for re- 
ference in the field, or hospital yet published ; thor- 
oughly adapted to the wants of Military surgeons, 
and at the same time equally useful for ready and 
convenient reference by surgeons everywhere.— 
Buffalo Med. and Surg. Journal, June, 1862. 



SMJTH (W. TYLER), M. D., 

Physician Accoucheur to St. Mary's Hospital, &c. 

ON PARTURITION, AND THE PRINCIPLES AND PRACTICE Of 

OBSTETUIGS. In one royal 12mo. volume, extra cloth, of 400 pages. $1 50. 

BY THE SAME AUTHOR. 

A PRACTICAL TREATISE ON THE PATHOLOGY AND TREATMENT 

OF LEUCORUHCEA. With numerous illustrations. In one very handsome octavo volume, 
extra cloth, of about 250 pages. $2 00 

TANNER (T. HJ, M. D., 

Physician to the Hospital for Women, &c. 

A MANUAL OP CLINICAL MEDICINE AND PHYSICAL DIAGNOSIS. 

To which is added The Code of Ethics of the American Medical Association. Second 
American Edition. In one neat volume, small 12mo., extra cloth. $125. 



TAYLOR (ALFRED S.), M. D., F. R. S., 

Lecturer on Medical Jurisprudence and Chemistry in Guy's Hospital. 

MEDICAL JURISPRUDENCE. Fifth American, from the seventh improved 

an«^ enlarged London edition. With Notes and References to American Decisions, by Edward 
Hartshorne,M.D. InonelargeSvo.volume, extra cloth, of over 700 pages. $3 75. 
This standard work having had the advantage of two revisions at the hands of the author since 
the appearance of the last American edition, will be found thoroughly revised and brought up com- 
pletely to the present state of, the science. As a work of authority, it must therefore maintain its 
position, both as a text-book for the student, and a compendious treatise to which the practitioner 
can at all times refer in cases of doubt or difficulty. 



No work; upon the subject can be put into the 
hands of students either of law or medicine which 
will engage them more closely or profitably ; and 
none could be offered to the busy practitioner of 
either calling, for the purpose of casual or hasty 
reference, that would be more likely to afford the aid 
desired. We therefore recommend it as the best and 
safest manual for daily use. — American Journal oj 
Medical Sciences. ^ 

It is not excess of praise to say that the volume 
before us is the very best treatise extant on Medical 
Jurisprudence. In saying this, we do not wish to 
be understood as detracting from the merits of the 
excellent works of Beck', Ryan, Traill, Guy, and 
others; but in interest and value we think it must 
be conceded that Taylor is superior to anything thai 
has preceded it. — N. W. Medical and Surg, lournal 

It is at once comprehensive and eminently prac- 
tical, and by universal consent stands at the head of 

BY THE SAME AUTHOR. 

ON POISONS, IN RELATIOIS TO MEDICAL JURISPRUDENCE AND 

MEDICINE. Second American, from a second and revised London edition. In one large 

octavo volume, ol 755 pages, extra cloth. $4 50. 

Mr. Taylor's position as the leading medical jurist of England, has conferred on him extraordi- 
nary advantages in acquiring experience on these subjects, nearly all cases of moment being 
referred to him for examination, as an expert whose testimony is generally accepted as final. 
The results of his labors, therefore, as gathered together in this volume, carefully weighed and 
silted, and presented in the clear and intelligible style for which he is noted, may be received 
as an acknowledged authority, and as a guide to be followed with implicit cpnfidence. 

By THE SAME author AND WM. BRANDE. 

CHEMISTRY. In one volume 8vo. See "Brande/' p. 6. 



American and British legal medicine. It should be 
in the possession of every physician, as the subject 
is one of great and increasing importance to the 
public as well as to the profession.— 5«. Louis Med. 
and Surg. Journal. 

This work of Dr. Taylor's is generally acknow- 
ledged to be one of the ablest extant on the subject 
of medical jurisprudence. It is certainly one of the 
most attractive books that we have met with j sup- 
plying so much both to interest and instruct, that 
we do not hesitate to affirm that after having'once 
commenced its perusal, few could beprevaifed upon 
to desist before completing it. In the last London 
edition, all the newly observed and accurately re- 
corded facts have been inserted, including much 
that is recent of Chemical, Microscopical, and Pa- 
thological research, besides papers on numerous 
subjects never before published. — Charleston Med. 
Journal and Review. 
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TODD (ROBERT BENTLEY), M. D., F. R, S,, 

Professor of Physiology in King's College, London; and 

WILLIAM BOWMAN, F. Fi. S., 
Demonstrator of Anatomy in Kings's College, London. 

THE PHYSIOLOGICAL ANATOMY AND PHYSIOLOGY OF MAN. With 

about three hundred large and beautiful illustrations on wood. Complete in one large octavo 
volume, of 950 pages, extra cloth. Price $4 75. 



It is more concise than Carpenter's Principles, and 
more modern than the accessible edition of Muller's 
Elements; its details are brief, but sufficient; its 
deseripHons vivid; its illustrations exact and copi- 
ous ; and its language terse and perspicuous, — 
Charleston Med. Journal. 



A magnificent contribution to British medicine, 
and the American physician who shall fail to peruse 
it, will have failed to read one of the most instruc- 
tive books of the nineteenth century.— iV". 0. Med. 
and Surg, Journal, 



TODD (R. B.) M. D., F. R.. S«, &c. 

CLINICAL LECTURES ON CERTAIN DISEASES, OP THE URINARY 

ORGANS AND ON DROPSIES. In one octavo volume, 284 pages, extra cloth. $2 50. 

BY THE SAME AUTHOR. 

CLINICAL LECTURES ON CERTAIN ACUTE DISEASES. In one neat 

octavo volume, of 320 pages, extra cloth. ^2 50. 



TOYNBEE (JOSEPH), F. R. S., 

Aural Surgeon to, and Lecturer on Sargery at, St. Mary's HospitaL 

A PRACTICAL TREATISE ON" DISEASES OP THE EAR; their Diag- 

nosis, Pathology, and Treatment. Ill astrated with one hundred engravings on wood. In one 
very handsome octavo volume, extra cloth, $4 00 



The work is a model of its kind, and every page 
and paragraph ol it are worthy of the most thorough 
study. Considered all in all — as an original work, 
well written, philosophically elaborated, and happi- 
ly illustrated with cases and drawings — it is by far 
the ablest monograph that has ever appeared on the 
anatomy and diseases of the ear, and one of the most 
valuable contributions to the art and science of sur- 
gery in the nineteenth century. — N, Amer. Medico- 
Chirurg Review, ^ept. 18Q{). 

We are speaking within the limits of modest ac- 
knowledgment, and With a sincere and unbiassed 
judgment, when we affirm that as a treatise on Aural 



Sargery, it is without a rival in our language or any 
other, — Charleston Med. Journ. and Rev.^ Sept. 1660^ 
The work of Mr. Toynbee is undoubtedly, upon 
the whole, the most valuable production of tne kind 
in any language. The author has long been known 
by his numerous monographs upon subjects con- 
nected with diseases of the ear, and is now regarded 
as the highest authority on most points in his de- 
partment of science. Mr. Toynbee's work, as we 
have already said, is undoubtedly the most reliable 
guide for the study of the diseases of the ear in any 
language, and should be in the library of every phy- 
sicAan.— Chicago Med. Journal, J uiy,18Qi). 



WSLLIAMS (C. J. B.), M. D., F. R. S., 

Professor of Clinical Medicine in University College , London , & c . 

PRINCIPLES OF MEDICINE. An Elemental y View of the Causes, Nature, 

Treatment, Diagnosis, and Prognosis of Disease; with brief remarks on Hygienics, or the pre- 
servation of health. A new American, from the third and revised London edition. In one octavo 
volume, extra cloth, of about 500 pages. $3. 50. {No2u Ready.) 

WHAT TO OBSERVE 

AT THE BEDSIDE AND AFTEE DEATH, IN MEDICAL CASES. 

Published under the authority of the London Society for Medical Observation. A new American, 

from the second and revised Londou edition. In one very handsome volume, royal i2mo., extra 

cloth. §1 00. 

To the observer who prefers accuracy to blunders j One of the finest aids to a young practitioner we 
and precision to carelessness, this little book isixi- ii3iYQeYer seen.— Peninsular Journal of M$dicin,s, 
va.lnsihle,—N.H. Journal of Medicint. I 

WALSHE (W. HJj M. D,, 

Professor of the Principles and Practice of Medicine in University College, London, See. 

A PRACTICAL TREATISE ON DISEASES OF THE LUNCIS; including 

the Principles of Physical Diagnosis. Third American, from the third revised and much en- 
larged London edition. In one vol. octavo, of 468 pages, extra cloth |3 00. 
The present edition has been carefully revised and mtich enlarged, and may be said in the main 
to be rewritten. Descriptions of several diseases, previonsly omitted, are now introduced; an 
effort has been made to bring the description of anatomical characters to the level of the wants of 
the practical physician; and the diagnosis and prognof>is of each complaint are more completely 
considered. The sections on Treatment and the Appendix have, especially, been largely qx.- 
tended.— Author^ s Preface. 

BY THE SAME AUTHOR. 

A PRACTICAL TREATISE ON THE DISEASES OF THE HEART AND 

GREAT VESSELS, including the Principles of Physical Diagnosis. Third American, from the 

third revised and much enlarged London edition. In one handsome octavo volume of 420 pages, 

extra cloth. $3 00. 

The present edition has been carefully revised ; much new matter has been added, and the entire 
work in a measure remodelled. Numerous facts and discussions, more or less completely novel, 
will be found in the description of the principles of physical diagnosis ; but the chief additioiis have 
been made in the practical portions of the book. Several affections, of which little or no account 
had been given in the previous editions, are now treated of in detail. — Author^s Preface, 
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Hew and much enlarged edition. 

WATSON (THOMAS), M . D., &c., 
Late Physician to the Middlesex Bospital, &c. 

LECTURES ON THE FEINGIPLES AND PRACTICE OF PHYSIC. 

Delivered at King's College, London. A new American, from the lat*t revised and enlarged 

English edition, with Additions, by D. Francis CoiNdie, M. D., author of" A Practical Treatise 

on the Diseases of Children," &c. ' With one hundred and eighty. five illustrations on wood. In 

one very large and handsome volume, imperial octavo, of over 1200 closely printed pages in 

small type; extra dblii^Q 00; strongly bound in leather, with raised bands, S7 00. 

That the high reputation of this work might be fully maintained, the author has subjected it to a 

thorough revision; every portion has been examined with the aid of the most recent researches 

in pathology, and the results of modern investigations in both theoretical and practical subjects 

have been carefully weighed and embodied throughout its pages. The watchful scrutiny of the 

editor has likewise introduced whatever possesses immediate importance to the American physician 

in relation to diseases incident to our climate which are little known in England, as well as those 

points in which experience here has led to different modes of practice ; and he has also added largely 

to the series of illustrations, believing that in this manner valuable assistance may be conveyed to 

the student in elucidating the text. The work will, therefore, be found thoroughly on a level with 

the most advanced state of medical science on both sides of the Atlantic. 

The additions which the work has received are shown by the tact that notwithstanding an en- 
largement in the size of the page, more than two hundred additional pages have been necessary 
to accommodate the two large volumes of the London edition (which sells at ten dollars), within 
the compass of a single volume, and in its present form it contains the matter of at least three 
ordinary octavos. Believing it to be a work which should lie on the table of every physician, and 
be in the hands of every student, the publishers have put it at a price within the reach of all, making 
it one of the cheapest books as yet presented to the American profession, while at the same time 
the beauty of its mechanical execution renders it an exceedingly attractive volume. 



The fourth edition now appears, so carefully re- 
vised, as to add considerably to the value of a book 
already acknowledged, wherever the English lan- 
guage is i-ead, to be beyond ail comparison the best 
s\stemar.ic work on the Principles and Practice of 
Physic in the whole range of medical literature. 
Every lecture contains proof of the extreme anxiety 
of the author to keep pace wich i he advancing know- 
ledge of the day One scarcely knows whether 
to admire most the pure, simple, forcible English— 
the vast amount of useful practical infoimation 
condensed into the Lectures— or the manly, kind- 
hearted, unassuming character of the lecturer shin- 
ing through his work.— Loud. Med. Times. 

Thus these admirable volumes come before the 
profession in their fourth edition, abounding in those 
distinguished attributes of moderation, judgment, 
erudite cultivation, clearness, and eloquence, with 
which they were from the first invested, but yet 
richer than before in the results of more prolonged 
observation, and in the able appreciation of the 
latest advances m pathology aud medicine by one 
of the most profound medical thinkers of the day.— 
London Lancet. 



The lecturer's skill, his wisdom, his learning, are 
equalled by the ease of his graceful diction, his elo- 
quence, and the far higher qualities of candor, of 
courtesy, of modesty, and of generous appreciation 
of merit in others,— iV. A. Med -Chir Review. 

Watson's unrivalled, perhaps unapproachable 
work on Practice — the copious additions made to 
which (the fourth edition) have given it all the no- 
velty and much of the interest of a new book. — 
Charleston Med. Journal. 

Lecturers, practitioners, and students of medicine 
will equally hail the reappdfe,rance of the work of 
Dr. Watson in the form of anew— a fourth — edition. 
We merely do justice to our own feelings, and, v/e 
are sure, of the whole profession, if we thank him 
for having, in the trouble and turmoil of a large 
practice, made leisure to supply the hiatus caused 
by the exhaustion of the third> edition. For Dr. 
VVatson has not merely caused the lectures to be 
reprinted, but scattered through the whole work we 
find additions or alterations which prove that the 
author has in every way sought to bring up his teach- 
ing to the level of uhe most recent acquisitions in 
science. — Brit, and For Medico-C hir .Jtieviev} . 



New and much enlarged edition. 
WILSON (ERASMUS), F. R. S. 

A SYSTSI^I OF HUMAN ANATOMY, General and Special. A new and re« 

vised American, from the last and enlarged English Edition. Edited by W. H.Gobrecht, M. D., 
Professor of Anatomy in the Pennsylvania IMedical College, &c. Illustrated with three hundred 
and ninety-seven engravings on wood. In one large and exquisitely printed octavo volume, of 
over 600 large pages; extra cloth, $4 00 

The publishers trust that the well earned reputation so long enjoyed by this work will be more 
than maintained by the present edition. Besides a very thorough revision by the author, it has been 
most carefully examined by the editor, and the eftbrts of both have been directed to introducing 
everything which increased experience in its use has suggested as desirable to render it a complete 
text-book tor those seeking to obtain or to renew an acquaintance with Human Anatomy. The 
amount of additions which it has thus received may be estimated from the tiaet that the present 
edition contains over one-fourth more matter than the last, rendering a smaller type and an enlarged 
page requisite to keep the volume within a convenient size. The editor has exercised the utmost 
caution to obtain entire accuracy in the text, and has largely increased the number of illustra- 
tions, of which there are about one hundred and fifty more in this edition than m the last, thus 
bringing di^tinctly beibre the eye of the student everything of interest or importance. 

It may be recommended to the student as no less beauty of its mechanical execution, and the clear 



distinguished by its accuracy and clearness of de- 
scription than by its typographical elegance. The 
wood-cuts are exqaisiie.— Brit, and For. Medical 
Review. 

An elegant edition of one of the most useful and 
accurate systems of anatomical science which has 
been issued from the press The illustrations arb 
really beautiful . In its style the work is extremely 
concise and intelligible. No one can possibly take 
up this volume without being struck with the great 



ness of the descriptions which it contains is equally 
evident. Let students, by all means exaimne tno 
claims of this work on their notice, before ciiey pur- 
chase a text-book of the vitally important science 
which this volume so fully and easily unfolds. — 
Lancet. 

We regard it as the best system now extant for 
students. — Western Lancet. 

it therefore receives ourhighestcommendation.— 
Southern Med. and Surg. Journal, 
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WILSON (ERASMUS), F. R, S. 
ON DISEASES OF THE SKIN. Fifth American, from the Fifth enlarged 

London edition. In one handsome octavo volume, of nearly 700 larg-e pages, with illustrations 
on wood, extra cloth $4 50. (Now Ready ^ May, 1863.) 

This classical work, which for twenty ^rears has occupied the position of the leading authority 
in the English language on its important subject, has just received a thorough revision at the hands 
of the author, and is now presented as embodying the results of the latest investigations and expe- 
rience on all matters connected with diseases of the skin. The increase in the size of the work 
shows the industry of the author, and his determination that it shall inaintain the position which it 
has acquired as thoroughly on a level with the most advanced condition of medical science, 

A few notices of the last edition are appended. 



The writings of Wilson, upondiseasesof the skin, 
are by far tlie most scientific and practical that 
have ever l)een presented to the medical world on 
thissuhiect. The present edition is a great improve- 
ment on all its predecessors. To dwell upon all the 
great merits and high claims of the work before us, 
seriatim^ would indeed be an agreeable service; it 
would be a mental homage which we could freely 
offei, but we should thus occupy an undue amount 
of space in this Journal. We will, however, look 
at some of the more salient points with which it 
abounds, and which makeitincompaiaoiy superior to 
all other treatises on the subject of dermatology. No 
mere speculative views are allowed a place in this 
volume, which, without a doubt will ) for a very long 
period, be acknowledged as the chief standard work 
on dermatology. The principles of an enlightened 
and rational tlierapeia are introduced on every ap- 
propriate occasion.— -4wi. Jowr. Med Science. 

When the first edition of this work appeared, 
about fourteen years ago, Mr Erasmus Wilson haa 
already given some years to the study of Diseases 
of the Skin, and he then expressed his intention of 
devoting his fuaire life to the elucidation of this 
branch of Medical Science In the present edition 
Mr. Wilson presents us with the results of his ma- 
tured experience, and we have now before us not 
merely a reprint of his former publications, but an 
entirely new and rewritten volume. Thus, the whole 
-history Of tlie diseases affecting the skin, whether 
they originate in that structure or are themere mani- 
festations of derangement of internal organs, is 
brought under notice, and the book includes a mass 
of mformation which is spread over a great part of 
the domain of Medical and Surgical Pathology . We 
can safely rect)mmend it to the profession as the 
t>est work on the vsubjectnow in existence in the En- 
glish [a.ngaiige.— -London Med. Titnes anr] Crazette 



No matter what other treatises maybe in the libra- 
ry of the medical attendant, he needs the clear and 
suggestive counsels of Wilson, who is thoroughly 
posted up on all subjects connected with cutaneous 
pathology. We have, it is very true, other valuable 
works on the maladies that invade the skin; but, 
compared with the volume under consideration, they 
are certainly to be regarded as inferior lights in guid- 
ing the judgment of tlie medical man. — Boston Med. 
and Surg. Journal, Oct. IS-OT, 

The author adopts a simple and entertaining style. 
He strives to clear away tlie complications of his 
subject, and has thus produced a book filled with a 
vast amount of information, in a form so agreeable 
as to make it pleasant reading, even to tlie uninitiated. 
More especially does it deserve our praise because of 
its beautiful and complete atlas, which the American 
publishers have successfully imitated from the origi- 
nal plates. We pronounce them by far the hest imi^ 
tations of nature yet published in our country. With 
the text-book and atlas at hand, the diagnosis is ren- 
dered easy and accurate, and the practitioner feels 
himself safe in his treatment. We will add that this 
work, although it must have been very expensive to 
the pulTlishers, is not high priced. There is no rea- 
son, then, to prevent every physician from obtaining 
a work of such importance, and one which will save 
him both labor and perplexity. — Va. Med. Journal. 

As a practical guide to the classification, diagnosis, 
and treatment of the diseases of the skin, the book is 
complete. We know nothing, considered in this as- 
pect, better in our language ; it is a safe authority on 
all the ordinary matters Avhich, in this range of dis- 
eases, engage the practitioner's attention, and pos- 
sesses the high quality — unknown, we believe, to 
every older manual, of being on a level Avith science's 
liigh-water mark ; a sound book of practice. — London 
Med. Times. 



ALSO, NOW READY, 

A SEMES OF PLATES ILLUSTRATING WILSON ON DISEASES OE 

THE SKIN ; consisting of twenty beautifully executed plates, of which thirteen are exquisitely 
colored, presenting the Norma! Anatomy and Pathology of the Skin, and containing accurate re- 
presentations of about one hundred varieties of disease, most of them the size of nature. Price 
in cloth. $5 50. 

In beauty of drawing and accuracy and finish of coloring these plates will be found equal to 
anything of the kind as yet issued in this country. The value of the new edition is enhanced by 
an additional colored plate. 



The plates by which this edition is accompanied 
leave nothing to be desired, so far as excellence of 
delineation and perfect accuracy of illustration are 
contse.med.—MedicO'Chirurgical Review. 

Or these platesit isimpossible to speak too highly 
The representations of the various forms of cutane- 
ous disease are smgularly accurate, and the cc»lor- 
ing exceeds almost anything we have met with.— 
British and Foreign Medical Review. 



We have already expressed our high appreciation 
of Mr. Wilson's treatise on Disccises of the Skin. 
The plates are comprised in a separate volume, 
which we counsel all those who possess the text to 
purchase. It is a beautiful specimen of color print- 
ing, and the representations of the various forms of 
skin disease are as faithful as is possible in plates 
of the size.— Boston Med. and Surg. Journal, April 
8, 1858, 



Also, the TEXT and PLATES done up in one hands mie volume, extra cloth, price $9 50. 



BY THE SAME AUTHOR. 



THE DISSECTOR'S MANUAL^ or, Practical and Surgical Anatomy. Third 

American, troni the last revised and enlarged English edition. Modihed and rearranged, by 
Wjli:^iaivi Hunt, iVl. D., Demonstrator of Anatomy in the University ul Pennsylvania. In one 
large and handsome royal i2mo. volume, extra cloth, of 582 pages, with 154 illustrations $2 00. 



BY THE SAME AUTHOR. 



HEALTHY SKIN; A Popular Treatise on the Skin and Hair, their Preserva- 
tion and Management. Second American, from the fourth London edition. One neat volume, 
royal i2mo. 5 extra cloth, of about 300 pages, with numerous illustrations, SI 00. 
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BLANGHARD & LEA'S MEDICAL PlJBLIGATI0Nfc5. 



WINSLOVV (FORBES), M . D., D. C. L,, &c. 

ON OESCUEE DISEASES OF THE BEAIN AND DISOEDEES OP THE 

MIND; their incipient Symptoms, PatJiology, Diagnosis, Treatment, and Propliyiaxis. In one 
handsome octavo volume, of nearly 600 pages, extra cloth. $4 00. 



We eiose this brief and necessarily very imperfect 
notice of Dr. Winslow's great and classical work, 
by expressing our conviction that it is long since so 
important and beautifully written, a. volume has is- 
sued from the British medical prejjs. — DuhlinMed. 
Press, July 25, 1860. 

We honestly believe this to ha thebest book of the 
season.— Hanking' s Abstract, July, 1880. 

The latter portion of Dr. Winslow's work is ex- 
clusively devoted to the consideration of Cerebral 



Pathology. It completely exhausts the subject, in 
the same manner as the previous seventeen chapters 
relating to morbid psychical phenomena left nothing 
unnoticed m reference to ihementalsymptoms pre- 
monitory of cerebral disease. It is impossible to 
overrate the benefits likely to result from a general 
perusal of Dr. Winslow's valuaole and deeply in- 
teresting work. — London Lancet, June 23, 1860. 

It contains an immense mass of information.— 
Brit, and For. Med.-Chir. Review, Oct. 1860. 



WEST (CHARLES), M. D,, . 

Accoucheur to and Lecturer on Midwifery at St. Bartholomew's Hospital, Physician to the Hospital for 

Sick Childrenj &c. 



Second American^ from the 



LECTURES .ON THE DISEASES OF WOBIEN 

second London edition. In one handsome octavo volume, extra cloth, of about 500 pagei 

price ^3 25. 

-•H=^* Gentlemen who received the first portion, as issued in the ''Medical News and Library," can 
now complete their copies by procuring- Part II, being page 309 to end, with Index, Title matter, 
&c., 8vo. 5 cloth, price $1 25. 

We gladly recommend his Lectures as in the high- 
est degree instructive to all who are interested in 
obstetric practice. — London Lancet. 

Happy in his simplicity of manner, and moderate 
in his expression of opinion, the author is a sound 
reasoner and a good practitioner, and his book is 
worthy of the handsome garb in which it has ap- 
pesiV ad. — Virginia Med. Journal.. 



We mustnow conclude this hastily written sketch 
with the confident assurance to our readers that the 
work will well repay perusal. The conscientious, 
painstaking, practical physician is apparent on every 
page.— iY. Y. Journal of Medicine. 

We know of no treatise of the kind so complete 
and yet so compact.— CA-icago Med. Jour. 

A fairer, more honest, more earnest, and more re- 
liable investigator of the many diseases of women 
and children is not to be found in any country.- 
iSoiii/iem Med. fttid Swrg. JottmaL 

We have to say of it, briefly and decidedly, that 
it is the best work on the subject in any language j 
and that it stamps Dr. West as the facile princeps 
of British obstetric nxjLthoYfi.— 'Edinb. Med. Journ. 



We must take leave of Dr. West's very useful 
work, with our commendation of the clearness of 
its style, and the industry and sobriety of judgment 
of whicii it gives evidenGG.— London Med Times. 

Sound judgment and good sense pervade every 
chapter of the book. From its perusal we have de- 
rived unmixed satisfaction. —i)M&H?i Quart. Journ. 



BY THE SAME AUTHOR. 



LECTURES ON THE DISEASES OF INFANCY AND CHILDHOOD. 

Third American, from the fourth enlarged and improved London edition. In one handsome 
octavo volume, extra cloth, of about six hundred and fifty pages. $3 25. 



The three former editions of the work now before 
us have placed the author in the foremost rank of 
those physicians who have devoted special attention 
to the diseases of early life. We attempt no atta- 
in sis of this edition, but may refer the reader to some 
of the cliapters to which the largest additions have 
been made— those on Diphtheria, Disorders of the 
Mind, and Idiocy, for instance— as a proof that the 
work is really a new edition; not a mere reprint. 
In its present shape it will be found of the greatest 
possible service in the every-day practice of nine- 
tenths of the profession.™ Med:. Times and Gazette, 
London, Dtc. 10,1859. 

All things consideredi this book of Dr. West is 
by far the ""best treatise in our language upon such 
modifications of morbid action and disease as are 
witnessed when we have to deal with infancy and 
childhood. It is true that it confines itself to such 
disorders as come Within the province of the phy- 
sician, and even with respect to these it is unequal 
as regards minutentss of consideration; and some 



diseases it omits to notice altogether. But those 
who know anything of the present condition of 
paediatrics will readily admit that it would be next 
to impossible to eifeet more, or eifect it better, than 
the accoucheur of St. Bartholomew's has done fn a 
single volume. The lecture (XVI.) upon Disorders 
of the Mind in children is an admirable specimen of 
the value of the later information convened in the 
Lectures of Dr. Charles West. — London Lancet, 
Oct. 22, 1859. 

Since the appearance of the first edition, about 
eleven years ago, the experience of the author has 
doubled ; so that, whereas the lectures at first were 
founded on six hundred observations, and one hun- 
dred and eighty dissections made among nearly four- 
teen thousand children, they now embody the results 
of nine hundred observations, and two hundred and 
eighty-eightpost-mortem examinations made among 
nearly thirty thousand children, who, during the 
past twenty years, have been under his care. — 
British Med. Journal, Oct. 1, 1859. 



BY THE SAME AUTHOR. 



AN ENQUIEY INTO THE PATHOLOaiOAL IMPOBTANCE OF ULCE.Ii. 

ATION OF THE OS UTERI. In one neat octavo volume, extra cloth. ^1 25. 



WHITEHEAD ON THE CAUSES AND TKEAT- j 

MENT OF ABORTION AND STERILITY.] 



Second American Edition. In one volume, octa- 
vo, extra cloth; pp. 308. f3 00. 



